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OF 
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Volume XXXVI DECEMBER, 1943 No. 4 


OBSERVATIONS ON THE LIFE HISTORY OF TRICHODES 
ORNATUS (COLEOPTERA, CLERIDAE), A LARVAL 
PREDATOR IN THE NESTS OF BEES AND WASPS 


E. G. LINSLEY anp J. W. MacSWAIN, 
University of California, 
Berkeley, California 


Trichodes ornatus Say is the commonest and most widely distributed 
representative of its genus in Western North America. It occurs in 
nearly every state west of the Rocky Mountains, as well as in British 
Columbia and Alberta, and ranges from sea level up to ten thousand 
feet elevation. However, in spite of these facts, little has been recorded 
of the biology of this (or any other) North American species except 
that the adults are pollen feeders and have been reared from the cells 
of bees and wasps. As yet, the present authors are not able to provide 
the complete biology of 7. ornatus, but it is believed that at least a gen- 
eral outline of the life cycle has been obtained and a number of significant 
facts determined which had not been previously recorded for the genus. 


HISTORICAL BACKGROUND 


Our present knowledge of the habits of Trichodes has been largely 
obtained in Europe. It may be briefly summarized as follows: 

Apparently Trichodes apiarius (Linn.), sometimes referred to as the 
hive beetle, was the first species of clerid recorded as living in association 
with bees. As early as 1737, Swammerdam figured the larva, pupa, 
and adult from a nest of the mason bee, Megachile muraria (Fab.). 
According to most general treatises on apiculture, the species is also 
supposed to live at the expense of the honeybee, A pis mellifera Linn. 
Mulsant (1864) credits Herbst (1792) and Sturm (1837) with being the 
first to express this opinion, while Duncan (1840) attributes the state- 
ment to Aristotle. The fact that Linnaeus named the species apiarius 
indicates that the belief was prevalent prior to Herbst and Sturm. In 
any event, although many entomological textbooks record apiarius 
from bee-hives, we have been unable to find any recent verification of 
this observation in the literature. 

Trichodes alvearius (Fab.) was also reared at an early date from the 
nests of bees. This appears to be the species discussed by Reaumur in 
1742, although various authors are in disagreement as to the identity of 
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the form with which he was concerned. Westwood (1839) and sub- 
sequent authors have recorded it from the nests of Osmia and Megachile, 
Friese (1923) has added Xylocopa and Anthophora as well as the wasp 
Polistes gallicus (Linn.), and Carpentier (1883) reared it from the cells 
of Odynerus spinipes (Linn.). In addition, Latreille (1804) has recorded 
it from Vespa, and Goreau (1866) from the hives of Apis. However, 
the most instructive account’ of the habits of this species is that of 
Maréchal (1933) who studied it as a predator in the cells of Chelostoma 
maxillosum (Linn.). 

A third species which has long been known as a bee predator is 
Trichodes octopunctatus (Fab.). Lichtenstein (1877) reared it from the 
nest of Megachile rufescens (Pérez), and Maréchal (1933) from that of 
M. pyrenaica Lep. The latter author also believed that this was the 
species frequently referred to by Fabre in his classical studies of the 
biology of bees. 

Trichodes umbellatarum Oliv. has been studied in some detail by 
Cros (1908 et seg.). He found it living at the expense of Megachile 
muraria (Fab.), Anthocopa longispina (Pérez), Osmia spp., Anthophora 
talaris Pérez, A. albigena Lep., and Eumenes sp. 

Trichodes leucopsideus (Oliv.) has been recorded by Mayet (1894) 
from the burrows of Ceratina. 

In addition to those species associated with bees, several Trichodes 
have been noted as predators of the egg pods of locusts. Kunckel 
d’Herculais (1890 ef seg.) and subsequent authors have observed T. 
amnios (Fab.) destroying the eggs of the moroccan locust (Dociostaurus 
maroccanus Thunb.) and according to Jackson (1926) and Cros (1929) 
eggs of this same species are also preyed upon by T. laminatus Chev. 
and 7. x-litterata Chev. Jazykov (1931), working in Turkestan, noted 
two additional species of Trichodes, one (?T. turkestanicus Kr.) in the 
egg pods of Ramburiella turcomana (Fischer) and Dociostaurus kraussi 
Ingenitskii the other (probably 7. spectabilis Kr.) in those of Docio- 
staurus maroccanus Thunberg. 


DESCRIPTION 


ADULT 
Figure 4 





Male.—Form elongate, moderately slender, sides of elytra widest 
behind middle, color shining aeneous green, antennae, mouthparts, 
and anterior and intermediate tarsi pale brownish, elytra dark blue 
with yellow markings; pubescence long, erect ochraceous. Head 
large, as wide as or wider than pronotum; surface moderately coarsely 
but not closely punctate, the punctures larger on vertex; pubescence 
sparse, long, erect; eyes moderately prominent, anteriorly emarginate, 
finely facetted; antennae with club broadly triangular. Pronotum 
about as long as wide, broadly constricted at base, feebly so at apex; 
surface moderately coarsely, densely punctate, clothed with long, 
erect hairs; prosternum transversely rugulose; scutellum small, finely, 








EXPLANATION OF PLATE I 


Trichodes ornatus Say. Figures 1-2. Fifth instar larva. 3. Pupa. 4. Adult. 
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closely punctate, shining. Elytra more than twice as long as basal 
width, widest behind middle; surface blue, shining, feebly but closely 
punctate, clothed with much shorter pubescence than pronotum; 
yellow pattern consisting of a broad basal band surrounding the 
humeral umbone and extending back along suture to basal two-fifths 
where it is dilated and knob-like; an oblique, sinuate median band 
extending backward from lateral margin to suture; and an oblique 
subapical band extending backward from the suture; apices rounded. 
Legs slender, brassy green, at least the anterior and intermediate tarsi 
pale brownish. Abdomen brassy green, shining; sternites sparsely 
punctate, very sparsely clothed with suberect pale hairs; fifth 
sternite broadly emarginate at apex, sixth sternite longer than fifth. 
Length, 5-11.5 mm. 

Female.—Form more robust than male; elytra with yellow pattern 
more extensive; abdomen with sixth sternite shorter than fifth, largely 
concealed. Length 7-15 mm. 


Varieties: Elytra dark blue, blue, or greenish, elytral bands yellow 
or faintly orange-yellow, very variable in extent, rarely coalescing over 
basal two-thirds or reduced to an oblique, oval, post median spot. 

Subspecies tenellus LeConte: Form more slender with a lesser 
average length; elytra more coarsely, regularly punctate, bands 
frequently reddish, broad, median band very oblique. Length 5-8 
mm. Distribution: arid regions of southwestern United States and 
northern Mexico. 


EGG 
Form elongate, slender, slightly curved, tapering at each end, 
broadest at middle, a little wider at one end than at the other; color 
of contents pale orange, becoming bright orange with development, 
narrow end colorless; chorion smooth, shining, transparent, without 
ornamentation. Length 1.73 mm.; median breadth 0.46 mm. 


LARVA 


Boéving and Champlain (1920) have characterized the mature larva 
(probably fifth instar) of T. ornatus as follows: 
‘Total length of body, 13 mm.; extreme width, 3 mm.; extreme 


thickness, 234 mm.; anterior width of prothorax, 24 mm. Man- 
dibles, epistoma, tip of cerci dark brown; remainder of head capsule, 
prothoracic shield and other delicately chitinized parts pale cadmium 
yellow; membranous parts salmon red. Setae thin, long, yellowish. 
Frons hardly sculptured. Labrum more than twice as wide as long. 
Mandible from apex to attachment of retractor tendon about two- 
thirds the length of frons; length to width as 9 to 8; apex does not 
project over. inner corner of mandibular basis; distance between 
retinaculum and apex of mandible one-third the length of mandibular 
inner margin; elevation of inner margin between retinaculum and 
apex slightly convex; at least seven fine mandibular setae. Basal 
plate of cerci poorly developed. Cerci upright, pointed, conical, 
slightly curved, from end to attachment less than half as long 
as frons.” 
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EXPLANATION OF PLATE II 


Trichodes ornatus Say. Figure 5. Head capsule of fifth instar larva. 
6.7Caudal plate of first instar larva. 7. Same, second instar. 8. Same, third 
instar. 9. Same, fourth instar. 10. Same, fifth instar. 11. Same, sixth instar. 
(All drawings to‘different scales.) 
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The remaining larval instars have not, however, been differentiated. 
They may be recognized as follows: 

First Instar (fig. 6).—Length 2 mm. Form elongate, very slender; 
color cream to pale salmon pink. Head with longer lateral setae about 
twice head length; mandibles acute at apex. Caudal plate covering 
most of ninth abdominal tergite except for a narrow band at base; 
caudal processes very robust, wrinkled, with a stout spine at apex, 
setae very long, coarse, about three times as long as caudal plate. 

Second Instar (fig. 7)—Length 5mm. Form elongate, moderately 
slender; color salmon pink to reddish. Head with longer lateral 
setae about one-fourth head length; mandibles less acute at apex. 
Caudal plate covering most of ninth abdominal tergite except for 
a relatively broad, curved band at base; caudal processes long, 
slender, curved, tapering to an acute tip, longer setae a little more 
than twice as long as caudal processes. 

Third Instar (fig. 8).—Length 11-12 mm. Form elongate, mod- 
erately robust; color salmon pink to scarlet. Head with longer lateral 
setae about one-half head length; mandibles moderately obtuse at 
apex. Caudal plate covering most of ninth abdominal tergite except 
for a broad, curved band at base; caudal processes long, moderately 
slender, apex curved, with a very short tooth, longer setae a little 
more than twice as long as caudal processes. 

Fourth Instar (fig. 9)—Length 13-14 mm. Form elongate, mod- 
erately robust; color salmon pink to scarlet. Head with longer lateral 
setae about one-half head length; mandibles moderately obtuse at 
apex. Caudal plate reduced to caudal processes; caudal processes 
heavily sclerotized, short, obtuse, moderately robust, longer setae less 
than twice as long as caudal processes. 

Fifth Instar (figs. 1, 2, 5, 10).—Length 12-13 mm. Form elongate, 
moderately robust; color salmon pink to scarlet. Head with longer 
lateral setae about one-third head length; mandibles obtuse at apex. 
Caudal plate reduced to caudal processes; caudal processes sclerotized 
nearly to base, short, stout, separated by at least twice basal width, 
apex moderately acute, longer setae more than twice as long as 
caudal processes. 

Sixth Instar (fig. 11)—Length 12-13 mm. Form elongate, mod- 
erately slender; color salmon pink to scarlet. Head with longer 
lateral setae about one-third head length; mandibles obtuse at apex. 
Caudal plate reduced to caudal processes; caudal processes sclerotized 
at apex only, short, stout, separated by more than twice basal width, 
apex moderately acute, longer setae more than twice as long as 
caudal processes. 


LIFE HISTORY OBSERVATIONS 


ADULTS 


The adults of Trichodes ornatus (fig. 4) have been taken from March 
to September and in any one given locality may be found over a period 
of about two months. After emergence they seek a wide variety of 
flowers, particularly Achillea millifolium, Asclepias spp., and various 
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yellow Compositae. Béving and Champlain (1920) state that the adults 
are not predaceous but feed solely on pollen. Although pollen is 
undoubtedly a major item of food, the present writers have observed 
adults to completely dismember and feed on other living insects (mostly 
small Coleoptera) and the female to consume the male after copulation. 
These observations were made in the field and were duplicated in the 
laboratory. (See also Linsley, 1942.) 

Similar observations have been made by de Gaule (1874) who 
observed Trichodes alvearius plunging its mandibles into the abdomen 
of a hymenopteron; Cros, who recorded attacks by T. umbellatarum on 
beetles and bees; and Portchinsky (1914), who watched a Trichodes 
devour a specimen of M ylabris. 

Mating takes place upon flowers and the pairs copulate for several 
minutes, during which time feeding and other activities are discon- 
tinued. Females which have previously copulated attempt to dislodge 
subsequent males by rapid lateral vibrations of the body. Mating is 
not preceded by preliminary courtship and upon its completion the 
female may devour the male. 

Oviposition occurs on the flower heads frequented by the beetles. 
The act of oviposition has been observed in the field on Achillea, with 
the female assuming a position on the underside of the floral head and 
forcing the tip of the abdomen among the flowers to oviposit. The 
eggs are laid singly, depending for support upon a mucilaginous coating. 
Sometimes they are deeply imbedded in a single flower. The incubation 
period of eggs under laboratory conditions (20°-23° C.) varied from 
18 to 20 days. 


LARVAE 


The means of access to the cell of the host bee or wasp was not 
definitely determined but in any event, having entered the cell, the 
primary larvae remain for a considerable period of time without feeding. 
Usually this period is sufficiently long to allow the host to attain the 
prepupal state. In the laboratory, in the presence of prepupal larvae, 
this period of fasting varied from 9 to 12 days (mean, 10 days). When 
ready to begin feeding, each larva makes a small puncture in the body 
of the host and feeds upon the liquids which exude. In the first instar, 
from two to five such punctures may be made. During this period 
growth is rapid but the time from the moment feeding begins until the 
first molt occurs may vary from 5 to 18 days (mean, 6 days). 

In order to study some of the gross reactions of the first instar 
larvae, eggs were obtained in the field and laboratory and the resultant 
larvae subjected to various conditions of food and moisture. One 
group was supplied with a solution of one part honey to one part water 
mixed with dry pollen and placed in relative humidities of 50 and 75 
per cent at temperatures of 20°-23° C. A second group was provided 
with prepupal larvae of Anthophora linsleyi Timb., a species selected 
because its larva has a relatively tough integument. These series were 
likewise placed under the same conditions of temperature and humidity. 
A third group was established with prepupal larvae of Odynerus 
blandinus Sauss., selected because of its soft, thin, flaccid integument. 
The larvae which were supplied with pollen alone were slow to begin 
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feeding and subsequent growth and development was greatly retarded 
(text fig. 1); those provided with Anthophora larvae encountered dif- 
ficulty because the first puncture resulted in almost immediate deteriora- 
tion of the host through bacterial infection; but those offered larvae of 
Odynerus, apparently found satisfactory food conditions (text fig. 1). 
However, in all cases, the better results were obtained in a relative 
humidity of 75 per cent at temperatures of 20°-23° C. 

The second instar larva of Trichodes continues feeding by a series of 
punctures and it is during this period that the host larva usually dies. 
The length of time spent in the second instar varied from 13 to 15 days 
(mean, 14 days). The third instar is the last larval feeding stage and 
during this period the larva obtains its maximum growth (this instar 
required from 12 to 16 days, with a mean of 15 days). When feeding 
has been completed, the larva attempts to leave the cell in which it has 
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LARVAL INSTARS 


Text Ficure 1. Comparison of the duration of the three larval feeding 
instars of Trichodes ornatus when reared on pollen and on larvae of Odynerus 
blandinus. 


been reared. Thus larvae which have fed on bees nesting in banks exca- 
vate pupal cells about a half inch away from the burrows of their host; 
in twigs they normally construct an elliptical cell apart from the main 
tunnel of the bee or wasp; and in the hard cells of Odynerus and Dian- 
thidium they cut their way out and pupate elsewhere or die later as 
unemerged adults within the cell. In the laboratory, the larvae readily 
burrow into corks and construct pupal chambers. Shortly after entering 
the cork, they transform to the fourth instar. In this instar the pupal 
cell is completed and any cracks are sealed with a dark brown oral 
secretion. In addition a burrow is made nearly to the surface of the 
cork, leaving only a thin partition to be broken through by the emerging 
adult. The winter is passed as a fourth instar larva within this pupal 
cell and transformation to the fifth instar occurs in spring or early 
summer. Occasionally an additional (sixth) instar may occur. In such 
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cases the sixth instar may follow the fifth within a few weeks or in the 
summer of the second or third year. Pupation requires about twenty 
days under laboratory conditions. 

Trichodes larvae can be reared solely on pollen. However, such 
larvae take about three times as long to complete their growth (text 
fig. 1) as those fed on bee or wasp larvae under the same conditions of 
temperature (20°-23° C.) and relative humidity (75%). 


HOSTS 
Trichodes ornatus has been taken by the writers from the following 


aculeate Hymenopterous hosts. Two published records have also been 
included in order to make the list as complete as possible. 


Family Megachilidae 

Callanthidium illustre (Cresson). Mt. Diablo, Contra Costa Co., Calif., Decem- 
ber 8, 1940, nesting in sandstone cliff. Trichodes larva, having destroyed contents of 
terminal bee cell, had burrowed into bank for several mm. and constructed its pupal 
cell. 

Dianthidium consimile (Ashmead). Palm Springs, Riverside Co., Calif. Two 
dead adults and two living larvae found in unopened cells two years after they were 
collected in the field (Davidson, 1896: 25). 

Dianthidium pudicum provancheri Titus Antioch, Contra Costa Co., Calif., 
June, 1938, nesting on dry plant stem. One dead adult found in unopened cell 
eighteen months after it had been brought into the laboratory. Coarsegold, 
Madera Co., Calif., May 12, 1942. One unemerged adult found in 1941 cell series 
(Linsley, 1942). 

Dianthidium macswainit Timberlake. Mt. Diablo, Contra Costa Co., Calif., 
May 9, 1939, nesting on surface of sandstone boulders. One dead adult and one 
living fifth instar larva found in unbroken cells of different nests. June 1, 1941, a 
second instar larva found consuming prepupal bee in same locality. 

Dianthidium sp. Strawberry, Eldorado Co., Calif., October 31, 1931. Trichodes 
larva left cell and bored into cork of vial; pupa observed Nov. 16, 1933, adult 
emerged Nov. 26, 1933 (Essig, 1934: 724). 

Megachile brevis onobrychidis Cockerell. Davis, California, October 10, 1940, 
nesting in twig of elderberry (Sambucus). One fourth or fifth instar larva in cell series 
of 1940 season (G. E. Bohart). 

Hoplitis productus (Cresson). Mineralking, Tulare Co., Calif., August 10, 1939, 
nesting in twigs of elderberry (Sambucus). One fifth instar larva found in bee cell. 
This larva subsequently refused all food and was still alive in May, 1941. 

Hoplitis sambucit (Titus). Mineralking, Tulare Co., Calif., August 10, 1939, 
nesting in twigs of elderberry (Sambucus). One fifth instar larva in resting cell. 

Hoplitis biscutellae (Cockerell). Twenty miles east of Indio, Riverside Co., 
Calif., April 1, 1941, nesting in bank. One immature larva found in a cell pro- 
visioned during the 1941 season. 

Anthocopa xerophila (Cockerell). Ten miles south of Little Lake, Inyo Co., 
Calif., April 3, 1941, nesting in low bank and utilizing old burrows of Anthophora 
linsleyi Timb. One sixth instar larva found in closed cell. Larva pupated on April 7, 
1941, and transformed to adult on April 26, 1941. 

Osmia ( Nothosmia) clarescens Cockerell. Twenty miles east of Indio, Riverside 
Co., Calif., April 1, 1941, nesting in bank in old burrows of Anthophora n. sp. One 
fifth instar larva and one freshly transformed pupa. 

Ashmeadiella n. sp. Mt. Diablo, Contra Costa Co., Calif., December 8, 1940, 
nesting in old cells of Odynerus sp. One dead adult found in unopened cell. 


Family Ceratinidae 


Ceratina acantha submaritima Cockerell. Kyburz, Eldorado Co., Calif., July 26, 
1941, nesting in stems of elderberry (Sambucus). One dead adult in cell series. 
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Family Eumenidae 
Odynerus blandinus Cresson. Mt. Diablo, Contra Costa Co., Calif., December 
8, 1940, nesting in mud cells plastered on rocks. One fourth instar larva found in 
an unopened cell which had contained a prepupal larva of Odynerus (as evidenced by 
the silken lining of the cell); larval skins found in a cell from which Trichodes had 
emerged. December 24, 1940, same locality, two dead adults and one fifth instar 
larva found in unbroken cells of different series. 


Family Massaridae 


Pseudomassaris coquilletti Rohwer. Mt. Diablo, Contra Costa Co., Calif., 
December 8, 1940, nesting in mud cells plastered on rock. Third instar larva found 
opening an escape hole to the surface. 


DISCUSSION 


The method by which the larvae of Trichodes gain access to the cell 
of the host bee or wasp was not determined. However, in view of the 
fact that the eggs are laid on flowers, only two alternative methods 
suggest themselves. Either the larvae find and enter the cell under 
their own locomotion or are carried there by the hosts. The former 
method seems highly improbable because of the relatively few eggs laid 
by Trichodes, the fact that most of the infested nests encountered were 
widely separated from flowers, and the scattered and secretive nesting 
habits of many of the commoner hosts. Infested nests were found in 
dead logs, twigs of living trees and shrubs, hollow stems of annual 
plants, burrows in the flat ground and in banks, and in cells on the 
surface of rocks. The only evident. common denominator was the fact 
that the nests were those of bees or wasps. Furthermore, it is apparently 
necessary for the Trichodes larva to gain access to the host cell in that 
brief interval when it is being provisioned. This is emphasized by the 
facts that the primary larvae are incapable of boring into a closed cell 
and that all of the hosts with which Trichodes has been found provision 
their cells during the period when the adult clerids are active. 

Variation in the number of larval instars in Trichodes parallels 
similar variation in certain other species of predaceous beetles. Ingram 
and Douglas (1932) and Horsfall (1941) record five feeding larval instars 
in two species of Epicauta; yet, under certain conditions, two additional 
non-feeding instars occur. Struble (1941) found that there may be either 
five or seven larval instars in the ostomatid Temnochila virescens (Fab.). 
However, this same author found only three larval instars, all feeding 
stages, in Enoclerus sphegeus (Fab.). Apparently, this represents the 
normal number of feeding instars in the family Cleridae and the super- 
numerary instars serve to carry the species over unfavorable conditions. 

Plasticity and adaptability in the food habits of Trichodes is indicated 
by the fact that newly hatched larvae deprived of insect food can 
complete their development on pollen alone. In our experiments such 
larvae fasted twice as long as those offered prepupae of wasps and when 
feeding began they required about three times as many days for each 
larval instar. However, the fact that they can live on pollen is another 
survival factor in their favor, since the host bee or wasp may die in the 
egg or as a very young larva. It also probably indicates that there is a 
close relationship between the nutritive value of pollen and that of insect 
eggs and of larvae fed on pollen, since many insects may live on either. 
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CONCLUSIONS 


(1) Trichodes ornatus is normally predaceous in both the adult and 
larval stages. 

(2) Larval food is normally restricted to the immature stages, 
especially the prepupae of aculeate Hymenoptera, in particular the bee 
family Megachilidae. However, in the absence of insect food the larvae 
can complete their development on pollen. 

(3) Larval development includes three feeding and two non-feeding 
instars. Under certain conditions a sixth instar may occur. 

(4) The life cycle varies from a single year to three or more years. 
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THE INTERNAL ANATOMY OF DERMACENTOR ANDERSONI STILES, 
by J. R. DovucGtas, 1943. University of California Publications in 
Entomology 7(10): 207-272, pls. 8-26, and 7 text figs. UNIVERSITY OF 
CALIFORNIA PREss, Berkeley and Los Angeles. Paper bound. Price $1.25. 


For years we have needed studies of the internal anatomy of mites and ticks. 
Few outside the larger Ixoidae are easily studied. Our experience has been that 
the average student on opening a mite or tick and after seeing the complexity of 
branching and convoluted parts gives up and works on some insect with relatively 
simple internal parts. One has to admit he shows judgment as far as easy success 
is concerned. 

Douglas has stuck it out and has given us some good figures of internal anatomy 
in a Dermacentor, one of the larger forms. His drawings are more satisfying than 
his plates of photomicrographs. Perhaps his venture will lead the way for others 
in this important group of Arthropods. The students of parasitology should learn 
what is inside a tick.—C. H. K. 








A REVISED CLASSIFICATION OF THE REDUVIOIDEA 
WITH A NEW SUBFAMILY FROM SOUTH AMERICA 


(Hemiptera) 


ROBERT L. USINGER, 
University of California, Davis 


The classification of the Reduvioid bugs has long remained in an 
unsettled state. Stal’s masterful classification (1872, 1873) is still our 
best and only reference for subfamilies and genera and Reuter’s general 
classification of the Heteroptera (1910) remains as the standard for 
higher groups. Evidence from the male genitalia (Singh-Pruthi, 1925) 
and from the mandibular levers (Ekblom, 1929) has since shown clearly 
that the semi-aquatic Mesoveliidae and Hebridae belong elsewhere. 
Despite a truly remarkable diversity, the group as thus restricted is 
apparently monophyletic. 

The discovery of an apparently new type of Reduvioid bug from 
Paraguay made it necessary to review all of the principal groups of 
Reduvioidea. Since many uncorrected errors were found in the liter- 
ature, since so much new anatomical information has become available 
in recent years, and since several significant annectent types have come 
to light, the time appears to be right for an analysis of the group as 
a whole. 

With the generous co-operation of H. G. Barber, W. E. China, A. da 
Costa Lima, C. J. Drake, H. M. Harris, and F. C. Lutz, I was able to 
study representatives of all of the subfamilies except the unique Central 
American Chryxinae. In most cases specimens were softened in KOH 
and studied under high magnification with transmitted light. Basic 
wing venation was studied by examining the tracheae of recently 
molted, teneral adults, the hemelytra and wings being mounted in 
glycerin jelly. 


FAMILY CHARACTERS 


In their recent analysis of the Cimicoid families, China and Myers 
(1929) found that the structural differences separating long established 
families broke down. Exceptions were found in the form of so-called 
annectent types. Phylogenetically, this is not surprising and we may 
expect to find even more relics of ancestral groups as entomological 
exploration becomes more comprehensive and exhaustive. Recent 
studies indicate that a similar condition exists in the Gerroidea and the 
present study shows clearly the arbitrary nature of the lines separating 
families in the Reduvioidea. 

Scent Glands.—In 1910 Reuter gave as a primary character of the 
Reduviidae, ‘‘ Nymphae orificio glandularum dorsalium ad marginem 
anticum segmentorum 4-6 posito.”” Readio (1927) and Brindley (1930) 
have shown that this condition varies. Although nymphs of many 
groups were available during the present study, it was found that the 
scent gland openings persist, though the actual glands appear to be 
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reduced, in the adult stage. The number and position of these scent 
gland openings in the various Reduvioid groups is as follows: Enico- 
cephalidae—one opening in the middle of the fourth segment; Nabinae— 
three openings at front margins of fourth, fifth and sixth segments; 
Phymatidae—two openings at front margins of fifth and sixth segments. 
The Reduviid subfamilies differ strikingly in number and arrangement 
of scent gland openings. The primitive condition, e. g., a complete 
series of three openings as described above by Reuter, was found in the 
Harpactocorinae, Apiomerinae, Piratinae, Vesciinae, Cetherinae, Redu- 
viinae, Microtominae, Bactrodinae and Tribelocephalinae. Openings 
were found only on the fifth and sixth segments in the Ectrichodiinae 
and Holoptilinae, on the fourth and fifth segments in the Stenopodinae 
and Phimophorinae, and only on the fourth segment in the Elasmoco- 
rinae. Groups which lacked this series of scent openings entirely are the 
Emesinae, Saicinae and Triatominae. 

In the Triatominae Brindley (1930) observed an additional pair of 
organs, “‘in the first abdominal segment of the adult insect, one on either 
side close under the tergite. . . . Each opens by a short duct which 
leads to an orifice just behind the upper posterior angle of the meta- 
thoracic epimeron.” 

The metathoracic scent glands of bugs are usually well developed 
and provided with distinct openings and rather elaborate evaporating 
areas laterally on the metasternum and pleura between the middle and 
hind coxae. These ostiolar canals are visible in the Nabid subfamilies 
Nabinae, Arachnocorinae, Prostemminae, and Gorpinae. They are not 
seen in other Reduvioidea, however, and Brindley (1930) has shown, 
again in the Triatominae, that the “‘stink-gland passes laterally into a 
groove which runs along the internal face of the emarginated edge of 
the metacoxal cavity . . . and communicates with the exterior by a 
small pore.’’ Brindley adds that “the Emesinae lack scent glands 
altogether,’’ and remarks that ‘‘the Nabidae and Reduviidae are gen- 
erally held to be related, but the scent apparatus, as far as it is known, 
has nothing in common.” I have found the ostioles to be concealed in 
the Nabid subfamilies Pachynominae and Carthasinae so it seems 
likely that the differences noted by Brindley are less fundamental 
than she supposed. 

Venation.—The fundamental principles of heteropterous venation 
were established by Comstock and Needham (1898), and modified by 
Handlirsch (1908), Tillyard (1926), Tanaka (1926) and Hoke (1926). 
China and Myers followed this system in 1929 but Usinger (1932) in 
the Enicocephalidae and da Costa Lima (1940) and Mazza and Jérg 
(1940), working mainly with Triatomas, fell into error. It now appears 
certain that the anterior vein of the hemelytron in most Heteroptera is 
the subcosta. The radius and media are more or less coalesced at least 
basally. The cubitus frequently branches and may enclose one or more 
cells along its course. The anal veins arise behind the claval suture and, 
inexplicably, cross over to join the cubitus in many cases. In the 
Reduvioidea this basic pattern is shifted outward or forward beyond the 
corium in such a way that the homology of the veins is difficult to 
determine without recourse to the tracheae which precede the veins. 
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Fig. 1A shows the course of the tracheae (solid lines) and the venation 
(stippled) of Triatoma heidemanni Neiva. The distinction between 
clavus, corium, and membrane is scarcely indicated in the drawing but 
is well marked in the specimen. In general, the Nabids show most dis- 
tinctly a coriaceous clavus and corium, and a hyaline membrane, the 
Phymatids have the exposed portions of the coria leathery, the 
Reduviids vary from well differentiated types such as the Microtominae 
to the entirely membranous Emesinae, and the Enicocephalids have 
entirely membranous hemelytra. 





FicurE 1. Tracheation (solid lines) and venation (dotted lines) of Triatoma 
heidmanni Neiva. A, hemelytron; B, wing. 


The typical Reduviid membrane has two or three large cells, bounded 
by veins R, M, Cu, and Ist A with at least two of these usually closed 
before the apical margin of the wing. A radial cell is usually formed by 
the branching of R+M in the corium and a cubital cell is formed by a 
cross vein connecting Cu and Ist A near the margin between corium 
and membrane in the Stenopodinae, Apiomerinae, and Harpactocorinae. 

The metathoracic wings of the Heteroptera likewise start with a 
subcostal vein along the anterior margin. In Triatoma (fig. 1B) it will 
be seen that the radius is coalesced with Sc on its basal half. The media 
is separate to beyond the middle and then approaches and surpasses R; 
Cu is separate throughout its length but is joined to M by a cross vein. 
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The basal portion of M before this cross-vein is the so-called hamus. 
The degree of development of this vein is a valuable criterion for the 
separation of higher categories in the Heteroptera. The hamus is 
complete in most Reduvioidea, or at least projects backward for half 
the distance to base of wing. It is frequently obsolete at the base. The 
hamus is entirely absent in the Nabid subfamilies Pachynominae, and 
Arachnocorinae, in the Enicocephalidae, and in the Reduviid sub- 
families Holoptilinae and Elasmocorinae. 

Genitalia.—Singh-Pruthi (1925) found that the male genitalia of 
Heteroptera fall into two principal types, the Reduviid type and the 
Pentatomid type. Within the Reduvioidea he studied only twelve of 
the twenty-eight distinctive types considered in the present paper. A 
special study of the remaining types may be expected to throw addi- 
tional light on the interrelationships of Reduvioid types. However, as 
pointed out by China (1933), too much significance should not be 
attached to this one set of characters. The close association of the 
Phymatidae as a subfamily of the Reduviidae is in accord with some 
other morphological evidence but the complete separation of the 
Microtominae as a separate family is not supported by the other char- 
acters analyzed in this paper. Moreover, the genitalia of the annectent 
Nabid subfamiles may be expected to bridge the gap which Singh- 
Pruthi suggests as separating the Nabidae from the Reduviidae. 

A striking difference was long ago noticed in the structure of the 
terminal abdominal segments of the female Pachynominae. Although 
possessing distinct valvifers and valvulae (terminology according to 
Snodgrass, 1933), these structures are not developed into an ovipositor 
suitable for insertion of eggs into plant tissue. Likewise, the seventh 
sternite is not deeply cleft. This is in contrast to all other Naibds 
except spider-web bugs of the subfamily Arachnocorinae. The reduced 
ovipositor is a characteristic feature of all Enicocephalidae, Phymatidae, 
and Reduviidae. 

Eggs.—Reuter, in his classification of 1910, attached great import- 
ance to the type of eggs in each of the higher groups of Heteroptera. It 
now becomes apparent that this, like all other characters, may or may 
not be significant, depending upon the circumstances and upon other 
supporting characters. Certainly we should expect those Nabids with 
a reduced ovipositor to lay very different eggs than those with the 
ability to insert eggs into plant tissue. Unfortunately we know the 
eggs of only a few Reduvioid types. Nabis and Prostemma eggs 
(Michalk, 1935) are, of course, unique in that they are inserted in leaves 
or stems of plants, and they have assumed the shape characteristic of 
most deeply implanted types. On the other hand, all Reduvioidea with 
reduced ovipositor for which information is available, lay dispersed or 
agglutinated eggs. Readio (1927) has studied eggs of the principal 
Reduviid types. The Emesinae have elongate, spindle-like eggs with 
numerous longitudinal folds, the Apiomerinae and Harpactocorinae 
have vertically agglutinated eggs that may be laid in sticky masses or 
may be laid individually. These eggs are unique in possessing an 
enlarged rim forming a head at the micropylar end. An elaborate lid is 
concealed within and is forced out during eclosion. The eggs of 
Piratinae and apparently also of Stenopodinae have a fringe of long, 
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slender processes arising from the rim and surrounding the cap at the 
micropylar end. The Triatominae and Reduviinae have very simple 
eggs without elaborate circum-micropylar processes and without an 
enlarged cap region. Special features are confined to details in sculp- 
turing of the chorion and cap (Galliard, 1935). Eggs of the Holop- 
tilinae (Kirkaldy, 1911) present no special features although the cap is 
relatively large in diameter and has a small rounded knob at the middle. 

Antennae.—Most Heteroptera have four-segmented antennae and 
this is the basic number in the Reduvioidea. The intercalary knob-like 
segments of the Enicocephalidae are usually disregarded but become 
important when, as in certain Prostemminae and Pachynominae, the 
intercalary segment between the first and second segments becomes 
nearly as long as the first segment. Still more remarkable is the pseudo- 
segmentation of the second segment in Microtominae. The number of 
pseudosegments varies from about 8 in Homalocoris to 28 in Microtomus. 

Rostrum.—The heteropterous rostrum was once considered to be 
sharply three-segmented or four-segmented but China and Myers 
(1929) and many others have shown that the basic number of segments 
is four. The three-segmented condition results from a more or less 
complete reduction of the first segment. Among the Reduvioidea the 
rostrum is clearly four-segmented in the Nabidae (Scotomedes Stal?) 
and in the Enicocephalidae (Reuter’s statement, 1910, “ Rostrum triar- 
ticulatum’’ is an error of observation; see Usinger, 1932). These are the 
groups which lack a longitudinal, cross-striated, prosternal stridulatory 
groove. This groove is distinct in the Phymatidae and in the Reduviidae 
and has been selected as the most reliable guide for the separation of 
these groups because it is so constant and because the line thus drawn 
corresponds to the traditional limits of these families. The correlation 
between stridulatory sulcus and short stout beak is apparently a funda- 
mental one, involving the shortening and strengthening of this otherwise 
exclusively rapacious, food gathering organ. 

Ocelli—The presence or absence of ocelli has long been considered 
as a reliable subfamily character and it is certainly true that ocelli are 
always absent in the Reduviid subfamilies Emesinae, Saicinae, Chryxinae, 
Tribelocephalinae, and Vesciinae. However, the ocelli are reduced or 
absent in some Reduviinae and Ectrichodiinae, especially those with 
reduced hemelytra. Some species of the genus Nabis lack ocelli as do 
all Carthasinae and all species of Pachynomus. 

Tarsi.—The primitive number of tarsal segments in the Heteroptera 
is three and most Reduvioidea retain this original segmentation. The 
tarsi are only two-segmented in the Elasmocorinae and are one- 
segmented in the Carthasinae. Elsewhere the number becomes variable, 
there being occasional species with two-segmented tarsi in the Redu- 
viinae and. occasional species with one-segmented tarsi in the 
Enicocephalidae. 

Tibial structures —The so-called spongy fossae of some Reduvioid 
groups serve as clinging organs for holding prey and perhaps also for 
holding a position on the substrate. As nearly as could be observed on 
Rasahus, these structures act as suction cups. They are always present 
on the front and middle tibiae in some subfamilies and always absent 
in others. Unfortunately they occur sporadically in the Reduviinae and 
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in the genus Nabis so they can scarcely be considered as fundamental 
characters for the separation of subfamilies. 

Special characteristics such as the bifid or trifid scutellar apices in 
Ectrichodiinae and Microtominae, the prominent antenniferous tuber- 
cles of the Salyavatinae and Sphaeridopinae, the prolonged tibial apices 
of the Vesciinae, and many others, are modifications or specializations 
of pre-existing structures that must be evaluated individually. 

An entirely unique structure is the trichome of the Holoptilinae, a 
remarkable process containing a special gland at the base of the abdom- 
inal venter. The secretions are said to attract and then stupefy ants 
which are thus lured to their destruction. 


TAXONOMY 


Superfamily Reduvioidea Reuter 
Reduvioideae Reuter, 1910, Acta Soc. Sci. Fenn., 37, No. 3: 72. 


Meso- and metasterna simple. Posterior coxae rotatory. Claws 
without arolia. Abdominal spiracles 2-7 ventral. Hemelytra without 
a cuneus. Abdominal trichobothria (Tullgren, 1918) absent. Eggs 
with a distinct micropylar cap and without an egg burster. Male 
genitalia symmetrical, the basal plates rod-like and fused and the 
aedeagus lacking a distinct conjunctiva and vesica. 


The interrelationships of the Reduvioid families and subfamilies are 
shown in fig. 2. We may start with a generalized Nabid-like ancestor 
with 4-segmented rostrum, 4-segmented antennae, distinct ocelli, three 
abdominal scent gland openings, a basic venation essentially as in 
fig. 1, and with none of the specialized features detailed in the chart. 
Then the scent gland openings became concealed independently in the 
Enicocephalidae, in the Nabid subfamilies Pachynominae and Car- 
thasinae and in the Phymatidae and Reduviidae. A well developed 
ovipositor may have been present in the ancestral type, in which case 
it became reduced independently in the Enicocephalidae, in the Nabid 
subfamilies Pachynominae and Arachnocorinae, and in the Reduviidae 
and Phymatidae. The hamus followed a similar but more sporadic 
course, disappearing in the Enicocephalidae, in the Nabid subfamilies 
Pachynominae and Arachnocorinae, and in the Reduviid subfamilies 
Elasmocorinae and Holoptilinae. The entirely membranous hemelytra 
with their specialized branching of vein Cu and the strikingly bilobed 
head set the Enicocephalidae apart very early but these characters are 
scarcely more unique than those of the Pachynominae, Arachnocorinae, 
and Carthasinae so a separate phalanx, Enicocephaliformes (Reuter, 
1910) does not seem warranted. Actually the Pachynominae, at least, 
might justifiably be raised to family rank but such a move should be 
based upon a more thorough morphological investigation than is possible 
at present. 

The Reduviiformes (Reuter, 1910) became specialized with a 
stridulatory sulcus and a short, stout, apparently three-segmented beak. 
The Phymatidae then separated off with the enormous development of 
the front femora and with the tibiae reduced to curved clasping organs. 
Also the seemingly trivial matter of an enlarged apical antennal segment 








608 Annals Entomological Society of America |Vol. XXXVI, 


appeared and remains constant to this day. Otherwise the Phymatidae 
fall well within the remarkable range of variation of the Reduviidae, 
actually being less peculiar than such groups as the Microtominae, with 
entirely unique male genitalia and the Holoptilinae and Elasmocorinae, 
both lacking a hamus and the former possessing a trichome while the 
latter has only three simple veins in the membrane. 

In general, adjacent subfamilies in the phylogenetic key (fig. 2) 
show more characters in common, though such instances have doubtless 
resulted from independent, though parallel development in cases where 
the subfamily is derived directly from the common Reduviid stem. 
Thus the bucculae of the Phimophorinae and to a less extent of the 
Tribelocephalinae are suggestive of Phymatid bucculae but close rela- 
tionship is not supported by other characters. The absence of a hamus 
in the Elasmocorinae and Holoptilinae and the bifid scutellar apices of 
the Ectrichodiinae and Microtominae are similar fortuitous parallelisms. 
The Chryxinae is known to me only by description. It is included 
where Champion (1898) placed it but may not be so closely related to the 
Saicinae and Emesinae as indicated on the chart. Since Stal’s treat- 
ment of the Acanthaspidinae (=Reduviinae, s. lat.), there has been a 
continual culling out of peculiar types that Stal lumped together in his 
rather unnatural group. Jeannel (1919) first separated out the Ceth- 
erinae and Triatominae as tribes, Fracker and Bruner (1924) elevated 
the genus Vescia to subfamily rank and Pinto (1926 and 1927) erected 
separate families of Sphaeridops and for the Triatomas. Unfortunately, 
the family name Triatomidae has found extensive use in parasitological 
literature but there is absolutely no foundation for such a status, no 
characters were given by Pinto to separate it from such Reduviinae as 
Physoderes, and hemipterists have not generally accepted the name. 
To accept the family Triatomidae would require the elevation of 
twenty-three other subfamilies to family rank. 

The subfamily Reduviinae is still composite and will require further 
subdivision. For example, Mr. China writes that “the group of genera— 
Durganda A. & §., Staliastes Kirk., A pechtia Reuter, and Sminthocoris 
Distant” with “‘extremely flattened body, widely separated coxae, 
etc... . have, of course, been placed in the Acanthaspinae but deserved 
a distinct subfamily.’’ Similarly, the genus Physoderes, with a long, 
cylindrical head and Triatoma-like rostrum, may require a separate 
subfamily although relationship is suggested to Stachyogenys Stal and 
and Sphedanocoris Stal. Related to these are the peculiar American 
genera Nalata Stal and Microlestria Stal, groups with similar setigerous 
tubercles and, in some cases, with two segmented tarsi and hemelytral 
venation suggestive of the Chryxinae. 

The Cetherinae may not be as homogeneous as da Costa Lima (1940) 
assumes, for the American Caridomma Bergr. (= Macrophthalmus Lap., 
Macrops Burm. and Sorglana Kirk.) differ greatly from the African 
Cethera A. and S., having a finely lamellate and spirally twisted pro- 
jection on either side between the metathorax and abdomen. Cari- 
domma has three abdominal scent gland openings while Javanese spec- 
imens of the genus Inara Stal, which I have studied, have scent glands 
only on the fourth and fifth segments. Jmara has been placed in the 
Reduviinae but the head is short and broad and it may prove to belong 
with the old world Cetherinae. 
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1943] 


REDUVIIDAE 


REDUVIINAE 
eyes not stalked 


HARPACTOCORINAE CETHERINAE 


first antennal long 


A PIOMERINAE 
first antennal short 


STENOPODINAE 
hexagonal 
cubital cell 


BACTRODINAE 
thorax produced 
beneath head 


CHRYXINAE 
one large 
membranal cell 


SAICINAE 
2d rostral swollen 


EMESINAE 
front coxae long 


ENICOCEPHALIDAE 
hemelytra membranous 
ocelli 
absent 
PACHYNOMINAE 
ostioles concealed 


ARACHNOCORINAE 
ostioles visible 


PROSTEMMINAE 


collar reduced 
no 


hamus 
or 


NABINAE 


collar large ee 
ovipositor 


GOrPINAE 
ostioles visible 


CARTHASINAE 


ostioles concealed 
front 


coxal 
cavities 
closed 


NABIDAE 


quadrangular 


cubital 


cell 


eyes pedunculate 


SPHAERIDOPINAE 
all tarsi 3-jointed 


SALYAVATINAE 
front tarsi 2-jointed 


TRIATOMINAE 
no abdominal glands 


PIRATINAE 
ocelli present 
long 
antenniferous 
tubercles 
on front 


VESCHNAE 
ocelli absent 


EcCTRICHODIINAE 


pronotum scutellar apex bifid 


constricted 
behind 


middle 


MICROTOMINAE 
2nd antennal 


subdivided 


ELASMOCORINAE 
3 simple 
membrane veins 


HoLoprivinak 
trichome 


TRIBELOCEPHALINAE 
ocelli absent 


PHIMOPHORINAE 


a ocelli present 


MACROCEPHALINAE 


we rounded scutellum 


PHYMATINAE 
front legs chelate : 
se triangular scutellum 
last antennal swollen 


bucculae 


PHY MATIDAE 


rostrum 
3-jointed 


prosternum 


with a 
stridulatory 
sulcus 


Ficure 2. Phylogenetic key to the families and subfamilies of Reduvioidea. 








610 Annals Entomological Society of America [Vol. XXXVI, 


The Harpactocorinae fall into at least two natural groups, the 
Harpactocorini (Stal) having a tubercle or fold on either side on the 
mesopleura at the hind angles of the propleura. These tubercles are 
lacking in the Zelini (A. & S.). A third tribe, Rhaphidosomini, was pro- 
posed by Jeanne] (1919) to include several African genera with long 
slender body form and with the anterior coxal cavities closed behind. I 
do not know this group. The apterous genera of Rhaphidosomini could 
not be placed by means of the present keys and chart. 

The subfamily Tribelocephalinae is difficult to characterize because 
of the remarkable mimetic genera Afrodecius Jeannel (1919), A pocaucus 
Distant (1910), and Gastrogyrus Bergroth (1921). Although I have 
not studied specimens of these, the descriptions and illustration show 
little relationship to Opisthoplatys Westw. and Tribelocephala Stal. A 
careful study may necessitate the separation of these unique genera 
from the otherwise compact Tribelocephalinae. 

In the Nabidae the genus Arachnocoris is again raised to its former 
subfamily status (Reuter, 1890) despite Reuter’s subsequent remarks 
(1908) because the absence of a hamus and the reduced ovipositor 
(apparently ignored by Reuter) are deemed worthy of subfamily rank. 
The subfamily Carthasinae (Blatchley, 1926) was proposed as a sub- 
family of the Reduviidae. Harris (1928) correctly moved this back to 
the Nabidae where Champion originally placed it. Subfamily status is 
certainly warranted, however, because of the closed coxal cavities, one- 
segmented tarsi and flap-like tibial fossae and because of the Pachyno- 
mus-like, concealed metathoracic ostioles. Neogorpis Barber is super- 
ficially quite similar to Carthasis Champ., but has three-segmented tarsi, 
lacks the tibial flaps and has conspicuous methathoracic ostioles. 
Together with Gorpis, it may be separated from the Nabinae by the 
closed front coxal cavities. 

The subfamily Aenictopechinae Usinger (1932) has been suppressed 
because the type of one of the included genera, e. g., Gamostolus Bergr., 
has recently been loaned by Dr. Drake and proves to be nothing more 
than a specialized relative of Enicocephalus. Aenictopechys Breddin 
thus stands alone and is less peculiar than some other types recently 
received from the Oriental Region. The Enicocephalidae may even- 
tually be divisible into subfamilies but this must await a monograph of 
the group which is now approaching completion. 


KEY TO THE FAMILIES AND SUBFAMILIES OF REDUVIOIDEA 


1. Rostrum apparently four-segmented; prosternum without a longitudinal, 
SO RTIRROE GOT IID ogo os oc bos bk 6 co cn oc brectmonnnosses 2 
Rostrum apparently three-segmented, its tip fitting into a longitudinal, 
cross-striated prosternal stridulatory groove. .............eececeeeeeees 
2. Hemelytra entirely membranous, not divided into clavus, corium, and 


membrane; head distinctly bilobed................. ENICOCEPHALIDAE 
Clavus, corium, and membrane distinct in macropterous forms; head 
COE GRCULY WHO, TUM, oo once cc tence cvcescesccescesvess 3 
8. Methathoracic scent gland ostioles not visible between middle and hind 
SG ates chant cevapca Cok teen kts Uhk Ko cae bees kG ek bh oi wae es 4 
Metathoracic scent gland ostioles distinct with well developed, transverse 
Cannis Between mimale OG HIG COMME. ..... 2. occ ecccncccccccccswewesise. 5 
4. Front coxal cavities open behind; antennae five-segmented; tarsi three- 
Segmented: OVINOMILOT TOGUCEG. ....... ccccccccccccccscvcecs Pachynominae 


Front coxal cavities closed behind; antennae four-segmented; tarsi one- 
segmented; ovipositor well developed, the seventh sternite cleft. .Carthasinae 
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5. 


Abdomen narrowed at base; ovipositor reduced; hamus absent. Arachnocorinae 

Abdomen broad at base; ovipositor well developed, the seventh sternite 
cleft; hamus present 

Front coxal cavities closed behind 

Front coxal cavities open behind 

Pronotal collar reduced; clavus narrowed posteriorly, the commissure 
shorter than scutellum Prostemminae 

Pronotal collar broad and distinct; clavus broadened posteriorly, the 
commissure longer than scutellum Nabinae 

Apical antennal segments long and incrassate; front femora dilated apically, 
the tibiae chelate. PHYMATIDAE 

Apical antennal segments not thicker than the remaining segments; front 
femora not tremendously dilated. REDUVIIDAE 

Scutellum large, rounded apically; sides of head and propleura not grooved 
for the reception of the antennae Macrocephalinae 

Scutellum small, triangular; sides of head and propleura grooved for the : 
reception of the antennae at rest Phymatinae 

Membrane with three simple veins; hamus absent; body extremely 


Membrane with one or more closed cells 

Base of abdomen produced towards meta-sternum to form a trichome; 
last two antennal segments each inserted before apex of preceding seg- 
ment; hamus absent Holoptilinae 

Base of abdomen without a trichome; last two antennal segments inserted 
at apices of preceding segments 

Under surface of head moderately to strongly produced on either side 
throughout its length, forming a more or less distinct rostral groove 

Under surface of head without a buccal groove 

Ocelli absent; apical three antennal segments usually slender; body usually 
clothed with a dense tomentum Tribelocephalinae 

Ocelli present; apical three antennal segments not long and slender; body 
without a dense vestiture of apically curved hairs Phimophorinae 

Anterior coxae elongated, usually at least four times longer than wide 
and usually extending well beyond apex of head; long slender insects 
with hemelytra almost entirely membranous; front legs raptorial 

Anterior coxae shorter, usually less than twice as long as broad and not 
extending beyond apex of head; usually broader insects with well differ- 
entiated clavus, corium, and membrane and without greatly modified 
front legs 

Ocelli and abdominal scent gland openings absent 

Ocelli and three abdominal scent gland openings present 

Pronotum constricted behind the middle 

Pronotum constricted at or near the middle 

Ocelli present; front and middle tibiae not curved apically, provided with 
spongy fossae at their apices 

Ocelli absent; front tibiae curved apically and produced beyond insertion 
of tarsi as a stout spine; spongy fossae absent Vesciinae 

Ocelli always absent ‘ 

Ocelli present except in rare brachypterous forms 

Second rostral segment swollen at base; membrane with at least two closed 


Second rostral segment not swollen at base; membrane with only a single 
large cell Chryxinae 

Cubitus branching to form an additional four- to six-angled cell between 
corium and membrane 

Cubitus simple, not forming such an extra cell 

Cubital cell usually hexagonal; first antennal segment stout, porrect; 
abdomen with only two scent glands Stenopodinae 

Cubital cell usually quadrangular; first antennal segment usually relatively 
slender; abdomen with three scent glands 

First antennal segment short, but little longer than head; ocelli often 
farther apart than eyes; claws simple Apiomerinae 

First antennal segment usually longer than head; ocelli usually closer 
together than eyes; claws dentate or appendiculate Harpactocorinae 
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23. Second antennal segment subdivided into from eight to thirty pseudo- 
segments; eyes located posteriorly, the ocelli placed between them, 
Microtominae 
Second antennal segment not subdivided; ocelli located behind the com- 
IE IIIIRS Soke stata alc big wid Aipscee se % STANSELL LS hed Cid CA ce Renee wees 24 
24. Head rarely transversely constricted behind the eyes, the ocelli usually 
located on oblique elevations at postero-lateral angles of the long, 
cylindrical head; dorsal abdominal scent gland openings absent. . Triatominae 
Head transversely constricted behind the eyes; abdominal scent glands 
CS 0s Lo SURO ee NES SAV PC) Seeded pe Cea eV bbs p bre he PERSO REM ES 
ene Cetherinae 
RUS Ge EE OP IIIIIOD 5 0 6.5.6 5 5.0:5.0's occ isweuwnns sees os eeweaes 26 
26. Antennae inserted anteriorly or, more commonly, laterally but not on 
long, anteriorly projecting tubercles.............cececeeceeees Reduviinae 
Antennae inserted on prominent, anteriorly projecting tubercles at front 
NES 65 Gs OP AARG Oho AAG USS DERM E Reco SS TRED Axe eee apes ekiwaas 27 
27. Front tarsi two-segmented; middle and hind tarsi three-segmented, 
Salyavatinae 
FATE ERIN TEI oa. 5g ocak i ice bee arvesrnccbeseced Sphaeridopinae 


Subfamily Elasmocorinae Usinger, new subfamily 


Body strongly flattened. Head transverse, divided by an arcuate 
transverse impression behind eyes. Ocelli distinct, located near 
lateral margins of posterior lobe very close to eyes. Basal antennal 
segment thickest, short; second long, cylindrical; third and fourth 
very slender. Rostrum very short, broad, curved. Pronotum trans- 
versely impressed near the middle, pro- and mesothoracic acetabula 
projecting laterally, visible from above. Scutellum short, broad, 
unarmed. Thoracic sterna entirely flattened into a broad, con- 
tinuous, plate-like surface, the coxae very widely separated. Pro- 
sternal stridulatory groove short but distinct. Coxae short, globular, 
trochanters distinct, tarsi two-segmented. Front legs not of the 
raptorial type, the tibiae simple. Hemelytra with simple venation, 
R+M unbranched in the corium, Cu simple and unbranched, the 
membrane with three simple veins which do not form cells and do not 
reach apical margin. Abdomen with a single scent gland opening on 
front margin of fourth tergite. 

Type genus: Elasmocoris Usinger, new genus. 


The Elasmocorinae may possibly be related to the Brazilian Elas- 
modema erichsoni Stal (1858) which was described as a Reduviid but 
was said to be intermediate between the Aradidae and Reduviidae. 
Unfortunately Stal completely ignored this anomalous genus in his 
monumental Enumeratio Hemipterorum, so later workers have known 
it only by the rather inadequate original description. Stal mentions 
the flattened body and three-veined membrane but says that the ocelli 
are absent and does not mention the number of tarsal segments nor the 
setigerous tibercles. Other differences will doubtless become apparent 
when the type of Elasmodema is examined and it may even be that the 
two genera are not closely related at all. Under the circumstances, 
the new subfamily has been given the name of the Paraguayan bug 
described in this paper. 

Lethierry and Severin (1896) placed Elasmodema with the entirely 
unrelated Joppeicus Puton (1881) as a subfamily Elasmodemidae of the 
Aradidae. Joppeicus has since been moved to the Lygaeidae (Bergroth, 
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1898), thence as a separate family Joppeicidae to the Aradoideae 
(Reuter, 1910) and recently back to the Lygaeoidea (China, 1933). 
Da Costa Lima (1940) erroneously synonymized the Elasmodemidae 
with the Joppeicidae and placed the family in the Reduvioidea. 
Another perplexing type is the new genus Platymicrus described by 
Bergroth (1903) from Africa. Of Platymicrus Bergroth says, “Genus 
Reduviinarum in tota subfamilia notis omnibus certe maxime insigne, forte 
optime propre Opinum Lap., Stal collocandum (Generi Heteropinus 
Bredd. nuperrime descripto magis affine est), habitu generi americano 
anomalo et ambiguo mihi ignoto Elasmodema Stal versimiliter sat simile.” 


Genus Elasmocoris Usinger, new genus 


Head, thorax and appendages beset with numerous setigerous 
tubercles. Head only briefly produced between short, stout anten- 
niferous tubercles. Eyes small, connected by an arcuate transverse 
impression in the otherwise flat upper surface. 

Pronotum transversely arcuately impressed near the middle, and 
longitudinally impressed throughout its length at middle; feebly 
carinate and straight along lateral margins. Prothoracic acetabula 
strongly and mesothoracic acetabula slightly visible from above, the 
coxae inserted ventro-laterally because of the extremely flattened and 
uninterrupted sternal plates. Scutellum short, three times as broad 
as long, rounded and unarmed at apex. Thoracic sterna entirely 
flattened into a continuous plate-like surface, the prosternum rel- 
atively narrow, about half as wide as meso- and metasterna between 
the front coxae; still more narrowed in front of fore coxae and pro- 
vided with a short, broad, oblique, transversely striated groove at 
anterior margin. Meso- and metasterna not distinctly separated, 
fused into a single, subquadrate plate without distinct carinae or 
sutures. Mesothoracic legs inserted at postero-lateral corners. 
Femora scarcely longer than tibiae, the front femora three and one- 
half times as long as wide near base, middle and hind femora less 
strongly incrassate; tibiae more slender, tapering slightly apically, 
the front tibiae briefly produced at inner apices as rounded lobes 
beyond insertions of tarsi. Tibiae feebly longitudinally impressed 
above and beneath between rows of setigerous tubercles. Tarsi 
two-segmented, the first segment one-fourth as long as second. Claws 
prominent, simple. Hemelytra complete, reaching nearly to tip of 
abdomen and exposing the connexivum quite broadly; clavus dis- 
tinct, narrow, tapering apically; corium extending beyond middle of 
hemelytron laterally, vein R+M strongly elevated, unbranched, Cu 
less conspicuous and shorter, obsolete at base. Membrane large, 
distinctly delimited from corium with an anterior vein (M) which 
is obsolete at base, a long vein at middle which extends, unbranched, 
nearly to apex and appears to be a continuation of the corial R+M, 
though by homology with other Reduvioid types it must be Cu, and 
a third posterior vein which reaches nearly to apex and which is 
assumed to be the 1st Anal vein though it arises beyond the junction 
of Cu with the apical corial margin. Wing venation simple, the 
so-called discal cell and vena decurrens (China and Myers, 1929) 
distinct and the hamus absent. 
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Abdomen flattened, the surface smooth or finely granular. Con- 
nexival area about one-eighth as wide as abdominal disk above and 
beneath. Genital capsule transverse, strongly retracted in abdominal 
apex and completely covered from above by a projecting tergal plate. 

Genotype: Elasmocoris setigerus Usinger, n. sp. 


Elasmocoris setigerus Usinger, new species 
Figure 3 


Female.—Head slightly broader across eyes than long, 23 : 20, 
the interocular space three times as wide as an eye; median process 
of head (tylus and juga) very short and broad, produced in front of 
eyes for slightly less than length of eyes, with a setigerous tubercle 
on either side in front of juga, separated from (and slightly narrower 
than) antenniferous tubercles by impressed grooves. Antenniferous 
tubercles each with a setigerous tubercle at outer angle. Head 
abruptly compressed laterally just behind eyes and then once more 
dilated and bearing setigerous tubercles; disk arcuately impressed 
between and behind eyes, the surface of anterior lobe finely punctate, 
that of posterior lobe finely transversely rugose. Rostrum short and 
stout, the first segment slightly broader than long, 17:15; with 
four setigerous tubercles at base above, second segment one-third 
longer than first, narrowed apically, third segment slightly shorter 
than first and one-third as wide, at base, as first segment. Under 
surface of head with a group of three prominent setigerous tubercles 
on either side between rostrum and eyes. Antennae a little longer 
than head, pronotum, and scutellum together, 75 :67; proportion 
of segments one to four as 7 : 27 : 26 : 15; first and second segments 
with scattered setigerous tubercles or stout spines, last two segments 
very slender, bearing scattered erect bristles. 

Pronotum half again as long as head, 40 : 27; not quite one-third 
broader across humeri than long on median line, 57 : 40; anterior 
lobe finely punctate, posterior lobe coarsely granular, lateral margins 
each with a row of setigerous tubercles at and behind middle; anterior 
acetabula prominent beyond antero-lateral margins, bearing two 
large and three small setigerous tubercles dorsally; posterior margin 
broadly sinuate above basal angles.of scutellum and arcuate at middle. 
Scutellum nearly three times as broad as long, subrounded posteriorly, 
divided by posteriorly divergent longitudinal impressions into ill- 
defined lateral lobes and a median apical lobe, surface finely punctate 
and sparsely beset with erect bristles. Clavus and corium finely 
granular with short, backwardly directed bristles along lateral margins 
and with a long, pale bristle at middle of hind margin of sixth and 
seventh cannexival segments. 

Under surface strongly flattened. Pronotum three-fourths as 
broad between anterior coxae as long, slightly narrowed anteriorly 
with a postero-lateral arm extending on either side behind coxae and 
leaving a deep pit between base of arm and mesosternum; lateral 
margins, margins of stridulatory sulcus, and apex of postero-lateral 
arms with setigerous tubercles, the disk sparsely beset with erect 
bristles. Meso- and metasterna almost completely fused, with an 
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ill-defined oblique suture on either side extending from middle coxae 
toward anterior margin and with an elongate, pale, shallow depression 
extending posteriorly on either side from middle coxae sublaterally. 
Metasternum feebly depressed postero-laterally near hind coxae. 
Fused sternal area with a few setigerous tubercles along lateral mar- 
gins and a few minute bristles on disk. Abdomen minutely punctate 
and very sparsely beset with small bristles; sutures indistinct except 
for deeply concave and medially sinuate hind margin of first seg- 
ment. Stigmata concolorous, distinctly elevated, located sublaterally 
a little in front of middle of each segment. Connexivum ventrally 
much as on dorsal surface, finely punctured and with a latero-ventral 
series of short bristles along margins. 


FicurE 3. Elasmocoris setigerus Usinger, n. g. and n. sp. 
A, dorsal view; B, lateral; C, ventral. 


Seventh ventral segment strongly sinuate anteriorly and nearly 
straight on its posterior margin. Genital segments concealed from 
above by a plate-like extension of eighth tergite which is nearly 
straight along its posterior margin. Ninth tergite vertical, broad 
and short with its disk depressed; situated well behind the apex of 
eighth tergite. Eighth ventrites restricted to either side of ninth 
tergite and bearing the spiracles of the eighth segment. There is a 
short, broad, posteriorly arcuate lobe at apex of ninth tergite which 
may be the tenth tergite. The valvifers and valvulae are all 
concealed. 

Coxae short, suboval, the under surfaces subflattened, beset with 
scattered setigerous tubercles. Trochanters about as long as coxae, 
enlarged apically and beset with scattered setigerous tubercles. 
Femora with numerous setigerous tubercles arranged in longitudinal 
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rows, each femur with two prominent rows on inner face and two 
prominent rows on outer face. Most prominent row on inner dorsal 
face of front femora where the tubercles are half as long as thickness 
of femora. Femora beset with many small, scattered, setigerous 
tubercles and spines on upper and lower faces between longitudinal 
rows. Tibiae with three outer rows, two inner rows, and some inter- 
mediate rows of setigerous tubercles intermixed with long, stiff 
bristles. Tarsi with a few erect hairs. 

Color dark brown to black and white, the head brown with black 
eyes, reddish ocelli, pale anterior process, white membranous apices 
of antennifous tubercles and base of rostrum, fulvous rostrum, brown 
basal two antennal segments and testaceous apical segments. Pro- 
notum and scutellum brown. Hemelytra white on basal sixth; the 
remainder brown including the membrane with veins slightly darker. 
Connexivum above and beneath broadly white at transverse sutures 
between segments and dark brown to black at middle of segments. 
Thoracic sterna light brown; abdominal disk white. Legs fulvous to 
testaceous basally, darker beyond bases of femora except along inner 
faces. Tibiae dark brown and tarsi paler, the claws fulvous. Spines 
and bristles either alone or on tubercles, black. 

Male.—Very similar to the female but with the connexival margins 
more broadly rounded laterally and rounding to a feeble, ill-defined 
emargination posteriorly. Eighth segment very large, plate-like, with 
an oval hole ventrally behind the broad connexival area through 
which the genital capsule protrudes. Genital capsule smooth, con- 
vex, two-thirds as broad as long, truncate at apex with a pair of 
rounded lobes projecting one-seventh of the total length of capsule 
beyond capsule. 

Size.—Male, length 4 mm., width (connexivum) 14% mm.; female, 

length 4144 to 5 mm., width (connexivum) 2 mm. 


Holotype, female, No. 5272, Calif. Acad. Sci., Ent., Horqueta, 
Paraguay, October 18, 1933, Alberto Schultze, collector. Allotype, 
male, same locality as type but 57° 10’ W., 23° 24’ N., 44 km. east of 
Paraguay River, April 26, 1933. Paratypes, two females, one with 
the same data as holotype and one the same as allotype. I am indebted 
to Mr. Frank Lutz of Philadelphia for the pair of specimens from east 
of the Paraguay River. 
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A CLASSIFICATION OF LARVAE AND ADULTS OF THE GENUS PHYLLO- 
PHAGA (COLEOPTERA: SCARABAEIDAE), by Apam G. B6vING. 
1942. Memoirs of the Entomological Society of Washington, No. 2. Pages 
viii+95, 6 text figs., and 11 plates with 250 figs. 8 vo., cloth. Published 
by the ENTOMOLOGICAL Society; address, Bureau of Entomology and Plant 
Quarantine, Washington, D. C. Price, $3.00. 


The Entomological Society of Washington is to be envied for the material 
available for its Memoirs. With the greatest staff of experts in the world as the 
rank and file of its membership, and available to such the great resources of the 
national collections, its productions on taxonomic entomology rate as the very 
last word in authority. The research of no one in this group rates higher than 
that of Dr. Béving. 

The present volume stands out in taxonomic literature because it not only 
describes, keys out and illustrates many species of Phyllophaga in both larval 
and adult stages, but is also a critical study of the evolutionary trends in the 
larvae as compared with the evolutionary trends in the adults. One study is 
based on larval characters and the other on the complex male genitalia. A third 
problem arises in the delineation of the genus on both larval and adult characters 
from the other genera of the scarabaeid Tribe Melolonthini. Early in the study 
the Phyllophaga of Cuba were separated from Phyllophaga and placed in two genera, 
Cnemarachis Saylor and Clemora Saylor (1942), (genitalic characters, B6ving, 1942). 

The present volume is one of the best studies to date of the problem of generic 
and subgeneric-group definitions on characters, larval and adult, in all of the 
orders with complete metamorphosis. It is the problem that haunts all tax- 
onomists studying insects of the Holometabola: Revision after revision on adult 
characters has been made with the haunting dread that some iconoclast will 
study the larvae and proceed to rearrange treasured sequences of species. It is a 
ghost that has flitted in the low lighted background of taxonomy from its very 
beginning as a science, when John Ray reared hundreds of British Lepidoptera to 
better understand their classification’ (Ray, 1710, Historia Insectorum). 

Twenty-one larval groups have been defined with a key to the known larvae 
of sixty species. The genitalia of the males of forty-two species are figured. 
The emphasis appears to be on larvae, the field in entomology to which the author 
has turned at every opportunity. 

Dr. Béving is a person who has seldom travelled out of Washington but is 
one whom every taxonomist on the occasion of study in the national collections 
tries to meet, if for nothing else than the attempt to raise his own enthusiasm and 
to sharpen his own taxonomic efforts. Béving is an enthusiast in the best meaning 
of the term. Even better, he is able to impart enthusiasm. Doctor Béving was 
born and educated in Denmark and came to the United States in 1913, going 
immediately into the Bureau of Entomology, from which he retired in 1939. He 
has the high distinction of The Golden Cross of the Knights of Dannenbrog, from 
the Danish Government. His main interests have been in studies of the larvae of 
the Coleoptera.—C. H. K. 


GROSS ANATOMY OF THE LARVA OF THE WASP 
POLISTES GALLICUS (L.) 


(Hymenoptera, Vespidae) 


H. L. PARKER, 


United States Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


The larva of Polistes gallicus (L.) (fig. 1) is composed of the head, 
3 thoracic segments, and 10 abdominal segments, although a protrusion 
below the anal opening gives the appearance of 11 abdominal segments. 
It is somewhat spindle-shaped, with the last 5 segments bent slightly 
dorsad. The body is whitish and the head brown. There are lateral 
lobes on abdominal segments 1 to 9, inclusive. 


Figure 1. Larva of Polistes gallicus, drawn from right side, showing form 
and internal organs. ant, antenna; br, brain; fr, frons; hi, hind intestine; /b, labium; 
lm, labrum; md, mandible; mi, midintestine; mt, malpighian tubes; mx, maxilla; 
mc, nerve chain; oes, oesophagus; of, ocular fossa; sg, salivary gland; sgd, duct 
of salivary gland; sp, spiracle. 


The Head (figs. 1-6).—The epicranium, mandibles, labium, and 
extremities of the labrum and maxillae are brown. The postocciput 
(figs. 2, 3, po) is distinct but narrow; the cervical sclerome (fig. 2, cs) is 
small but distinct; the metopic suture (fig. 4, ms) is a distinct whitish line 
extending from the postocciput to the apex of the frons; the frons (figs. 
1, 2, 3, 4, 6, fr) is delineated dorsally by vague depressions slightly 
darker than the surrounding areas and is separated from the cranial 
halves by the parafrontal sutures (fig. 4, pfs), which extend to the 
anterior tentorial fossae; the clypeus (fig. 4, cl) is not differentiated 
except by an imaginary line drawn between the two anterior tentorial 
fossae (fig. 4, atf) ; below the clypeus is a white membranous area between 
it and the labrum (figs. 1, 2, 4, /m); the labrum is brownish at the edges, 
more or less unpigmented medially; and bears several dozen small, cir- 
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cular, sensory papillae (fig. 5, /rs) and sensoria; the ocular fossae (figs. 
2, 3, 4, of) are long, white, anteriorly divergent depressions situated on 
the vertices of the cranial halves; the points of attachment of the 
superior tentorial rami (fig. 4, saf) are indicated by small depressions 
above the antennae; the antennal foramina (fig. 3, af) are two light 
spots situated near the dorso-lateral angle of the frons, these spots bear- 
ing the antennae (figs. 1, 4, 5, 9, amt). There are no condyles on the 
mandibles, their articulations being entirely membranous; their tips are 
darker than the basal portion and are bidentate (figs. 1, 2, 4, 6, md); the 
maxillae (mx) are fleshy lobes with a darker terminal portion except for 
the extreme distal part, which is whitish and bears two (each) palpus- 
like structures (fig. 2, 4, 6, mx; fig. 5, mxp), the inner or lacinial one 





\ Vw 7 a 
| sm {lb UD 
Figures 2and3. Head of larva of Polistes gallicus; 2, lateral view; 3, posterior 
view. af, antennal foramen; ata, anterior tentorial ramus; cs, cervical sclerome; 
ep, epicranium; fr, frons; /b, labium; /m, labrum; md, mandible; ms, metopic suture; 
mx, maxilla; of, ocular fossa; po, postocciput; sm, submentum; sir, superior tentorial 
ramus; éf, tentorial fossa; tb, transverse tentorial bridge. 


being three-branched, although the branches are short, and the outer 
one conical-truncate; the unpigmented surface of the maxillae is covered 
with minute spines directed inwardly; the labium (figs. 1, 2, 3, 4, 5, 6, 1b) 
is oval, slightly wider above, brown except the area around the palpi, 
which is white; the palpi (fig. 5, 7p) are dark brown, conical, truncate; 
immediately dorsad of each palpus are 9 coarse setae, and below are 
several circular papillae; the salivary gland opening (figs. 4, 5, sdm) is 
simple, transverse, and oval; it has no particular spinning device; the 
area generally known as the hypostomal region is not differentiated; the 
tentorial fossae (fig. 3, ‘f) are indicated by the point of the needle placed 
therein; the tentorium consists of the transverse tentorial bridge (fig. 3, 
ttb), the anterior tentorial rami or arms (figs. 3, 7, 9, ata), and the superior 
rami (figs. 3, 7, 9, str); the arms are attached to the head skeleton at the 
anterior fossae (fig. 4, aif). The epicranium and frons are sparsely 
covered with minute setae. 

The Muscles of the Head (figs. 7, 8, 9).—The labium has two sets of 
muscles extending from its borders to the vicinity of the salivary gland 
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opening, one set above (14) and one below (17); it has in addition 
another set (11) extending from the lateral posterior margin of the 
throat region to the dorso-lateral edges of the labium; a part of this 


Figure 4. Head of larva of Polistes gallicus, anterior view. 5. Detailed 
structure of various sensory organs of larva of Polistes gallicus. ant, antenna; 
aif, anterior tentorial fossa; cl, clypeus; fr, frons; 1b, labium; /m, labrum; /p, labial 
palpus; /rs, sensory papilla of labrum; md, mandible; ms, metopic suture; mx, 
maxilla; mxp, maxillary palpus; of, ocular fossa; pfs, parafrontal suture; saf, superior 
tentorial fossa; sdm, salivary gland opening. 
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group (12) branches off and attaches to the inferior border of the maxilla; 
the maxilla has in addition to these muscles (12), a pair (13) extending 
from the superior edge of the lateral part of the tentorial bridge to the 
interior apex of the maxilla near the palpus, and another (10) extending 
from the inferior median portion of the tentorial bridge to the external 
posterior margin of the maxillary lobe; the throat region has a group of 
muscles (8) extending from the anterior lateral margin of the first 
thoracic segment to a point on the floor of the throat near the median 
line just posterior to a lobe which appears to be the submentum; the 





Head of larva of Polistes gallicus; 6, ventral view; 7, anterior view, showing 
internal structures; 8, posterior view, showing internal structures; 9, lateral view, 
showing internal structures. ant, antenna; ata, anterior tentorial ramus; br, 
brain; ep, epicranium; fr, frons; /b, labium; /m, labrum; md, mandible; mx, maxilla; 
oes, oesophagus; of, ocular fossa; sgd, duct of salivary gland; sm, submentum; 
str, superior tentorial ramus; étb, transverse tentorial bridge. The numbered 
structures are muscle groups, discussed in the text. 
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mandible has two sets of strong muscles, one (6) to open it and one (5) 
to close it; the former attach to the epicranium laterally, and the latter 
to the posterior border; the labrum has a group of short muscles (1) to 
close it, and another group (2) from its upper border extending to the 
superior margin of the frons to raise it; the oesophageal muscles are 
numerous; a group of short muscles (3) extend from the superior surface 
of this organ to the clypeus, and another group (4), likewise situated but 
farther posteriorly, extends up to the cranium just above the frons; a 
similar group posterior to the brain (17) extends from the oesophagus to 
the posterior margin of the head capsule on each side of the median 
point; ventrally the oesophagus has a group (16) composed of many 
elements extending from the lower wall of this organ to the inferior 
border of the tentorial bridge, and another strong group (15) on each 
side extending to the lateral posterior margin of the head capsule 
slightly below the lateral line. 


Figure 10. Diagram of body muscles of larva of Polistes gallicus. ab, 
abdominal segment; /#b, transverse tentorial bridge. Numbers and letters desig- 
nate muscle groups, discussed in the text. 


The Integumentary Muscles of the Body (fig. 10.)—These muscles are 
abundant and complicated. It is not necessary to describe them in 
detail here, but their arrangement can be observed in the diagram, 
where each black line represents a muscle strand. The general pattern is 
best seen in the fifth abdominal segment, where dorsally there is a 
straight longitudinal group (A) extending the entire length of the seg- 
ment, and an oblique group (B) extending half the length of the segment; 
ventrally these groups have their homologues (D and F); in the lateral 
region of the segment there is a transverse group extending from below 
the spiracular line downward to the first elements of the longitudinal 
group D, and there is an oblique set extending from the posterior margin 
of the segment at the spiracular level downward across the segment to 
near the point of attachment of the first elements of the group D. This 
pattern is consistent throughout the other abdominal segments except 
that in the last segment there are only two groups and these are longi- 
tudinal, the dorsal groups extending from the tegument to the posterior 
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end of the hind intestine. In the thorax the pattern is essentially the 
same; the elements of group F are more abundant, and in addition there 
are several oblique elements not seen in the abdomen, principally two 
sets (H and I) extending from under the spiracle obliquely downward 
and posteriorly, H to the posterior margin of the segment, and I to the 
middle of the same; in the first thoracic segment these two groups have 
their upper articulations on the postocciput; there are short, oblique 
groups on the ventral floor of the thoracic segments as well (M). 

Internal Organs (fig. 1).—The respiratory system consists of 10 
spiracles and a tracheal system. The first and second spiracles are 
situated on the posterior margin of the first two thoracic segments, the 
third on the intersegmental line, and the fourth to tenth on the anterior 
margins of abdominal segments 2 to 8; the tracheae are of the usual 
type, with lateral trunks, spiracular branches, anterior and posterior 
commissures, and ramifying branches. In addition there are ventral 
connecting commissures in the last two thoracic and first seven 
abdominal segments. 

The alimentary tract consists of a straight muscular oesophagus 
(oes) extending to the second thoracic segment, a somewhat bulbous 
mid-intestine (mi) extending to the sixth abdominal segment, and an 
almost spherical hind intestine (i) terminating with a thin, tubelike 
rectum at the dorsal anus posteriorly on the tenth abdominal segment; 
the salivary glands (sg) are long, twisted tubes slightly ramified and 
drawing out to a finer tube at the end, which is in the sixth abdominal 
segment; the malpighian tubes (m#), two on each side, are rather long, 
simple tubes, curved and twisted, lying mostly in the first six abdominal 
segments, and emptying as usual in the anterior portion of the hind 
intestine, which is distinct from the posterior portion. 

The nervous system is of the usual type, the brain being composed 
of two transverse quasicylindrical lobes. 

Source of Material.—The specimens studied were obtained in the 
Mediterranean region of France. 


INVESTIGATIONS OF INDIANA LAKES AND STREAMS, Vol. II. 
Articles 1-14, 296 pages, 1942. Many tables and figures. Published by 
Indiana Department of Conservation and the Department of Zoology, 
Indiana University. Price 75 cents from Department of Conservation, 
Division of Fish and Game, Indianapolis, Indiana. 

We wish to call to the attention of those entomologists interested in insects 
as food of fishes the work being done under Prof. W. E. Ricker, Limnologist of 
Indiana University, Department of Zoology, on the life in the streams and ponds 
in that state. (Entomologists know Ricker as an authority on stone flies.) This 
work was started under Prof. Will Scott of that Department in 1922. It has been 
continued and has been speeded up under Prof. William E. Ricker, who was trained 
in Toronto and had previously worked with Canadian Fisheries authorities in 
British Columbia. A solid heavy program is now under way in Indiana to develop 
fishing for sportsmen in its many streams and numerous glacial lakes. 

The present volume contains no data on insects but its various articles cover 
investigations on the fish life in as many ponds and streams. Ricker’s own con- 
tributions of about 200 pages (author and co-author) are concerned with popula- 
tions and age groups. The use of fish scales as indicators of age is highly developed 
in the work and would be of interest to students of fish food who should know the 
ages of fish studied.—C. H. K. 


THE BIOLOGY OF HADRONOTUS AJAX GIRAULT 
(HYMENOPTERA - SCELIONIDAE), A PARASITE IN 
THE EGGS OF SQUASH-BUG (ANASA 
TRISTIS DeGEER)! 


STEWART C. SCHELL, 


North Carolina State College, 
Raleigh, North Carolina 


INTRODUCTION 


Anasa tristis DeGeer is a common pest on squash vines in North 
Carolina, as well as in many other parts of the United States. Hadro- 
notus ajax Girault is one of the more important parasites attacking 
the eggs of the squash-bug at Raleigh, North Carolina. The squash- 
bug is difficult to control by chemical means, so even a partial natural 
control by parasites is of considerable value. An attempt has, therefore, 
been made to learn something of the biology of this parasite. The 
work was done during the summers of 1940 and 1941, in the department 
of Zoology and Entomology of the North Carolina State College at 
Raleigh, North Carolina. 

Hadronotus ajax Girault was described by Girault in 1920 from a 
series of specimens reared at Baton Rouge, Louisiana, from eggs of 
Anasa tristis DeGeer. The species is undisputed, there being no 
recognized synonyms, and it has never been reared from any host other 
than the squash-bug. The species has been found in Alabama, Arizona, 
Illinois, Louisiana, Missouri, North Carolina, Ohio, Tennessee, and 
Texas. 

Since Hadronotus ajax was described nothing has been published 
concerning the species, and work done on other species in the genus is 
somewhat fragmentary. 

Girault (1913) observed the oviposition of H. carinatifrons Ashmead 
in the eggs of the squash-bug at Paris, Texas. Dry (1924) obtained 
sex ratio data for H. antestiae Dodd, a parasite in the eggs of the coffee- 
bug (Antestia lineaticollis Stal). The sex ratio was approximately 
four females to one male. Parthenogenesis, occurring rarely, produced 
only males. Whitfield (1932) found 70 per cent of the eggs of Ago- 
noscelis versicolor F. parasitized by H. antestiae Dodd in the Sudan. 
Development required eight to ten days. V:n Der Vecht (1933) bred 
Hadronotus sp. from eggs of Dasynus piperis China in the Netherland 
Indies. The parasite developed in fourteen to seventeen days; 22 per 
cent were males; adults lived an average of twenty-six days and a 
maximum of fifty-four days. 


1The writer expresses appreciation for the helpful criticism and suggestions 
given by Dr. Z. P. Metcalf and Dr. B. B. Fulton, and especially to the latter for 
aid with illustrations. I am also grateful for the assistance given by Dr. R 
Harkema. Acknowledgment is made to Mrs. Schell for typing the manuscript. 
Thanks are extended to Messrs. C. F. W. Muesebeck, A. B. Gahan, and D. G. 
Hall, of the United States National Museum, for determination of parasite species. 
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MATERIAL AND TECHNIQUE 


The squash-bugs and parasites were found in a squash field one- 
fourth mile from the laboratory at Raleigh, North Carolina. Adult 
male and female squash-bugs were collected and placed in quart Mason 
jars with fresh squash leaves. Unparasitized eggs were thus obtained; 
they were removed from the jars each morning, placed in tightly 
stoppered glass vials and refrigerated at 45° F. until needed. 

Parasitized clusters of squash-bug eggs were collected in the field, 
placed in cotton plugged glass vials, and brought into the laboratory. 
As the parasites emerged they were transferred to other vials and fed 
dilute honey for two to three days in order to allow time for mating and 
development of eggs. At the end of this time three or four females 
were placed in vials containing one or more clusters of unparasitized 
host eggs. Two hours time was allowed for oviposition, and then the 
parasites were removed. The date and time of oviposition were recorded 
on each vial. 

At chosen intervals host eggs were removed and opened, and the 
stages of the parasite studied. Dissections were made in a modified 
Ringer’s physiological saline. Levy’s 1/11 stock saline for insects was 
also used in some of the dissections. Specimens would remain alive 
and apparently normal for two to three hours in either of these solutions. 

The host egg was placed on a clean glass slide with a few drops of 
the saline solution and dissected under a binocular dissecting microscope 
(X40). Dissecting needles were made by mounting minuten nadeln in 
match sticks. Subsequent examinations were made with the com- 
pound microscope after a cover glass was applied. All observations 
were made from living material. 


MATING AND OVIPOSITION 


Mating occurs shortly after emergence. Male and female parasites 
kept in vials never showed a readiness for mating except when placed 
under a bright light or in sunlight. This factor in the environment 
apparently serves as a stimulus for mating. 

Previous to copulation the male mounts the female and rapidly 
vibrates his antennae against those of the female. This may continue 
with brief intermissions for a period of ten to twenty minutes. Mean- 
while the female moves about carrying the male with her. Finally, 
the male parasite moves toward the posterior end of the female, flexes 
his abdomen slightly, extends the aedeagus, which curves ventrally, and 
inserts it into the genital opening of the female for a period of five to 
ten seconds, during which time both the male and female remain 
motionless except for a slight pulsating movement of the male abdomen. 
Immediately after copulation the male dismounts, and after a brief 
pause repeats the process with another female parasite. Occasionally 
two males will simultaneously attempt to mate with a single female. 

The female parasite is not ready to release eggs for a period of 
approximately forty-eight hours after emergence. Dissection revealed 
that this time is required for the development of eggs in the ovarioles. 
Fully developed eggs in the ovarioles are not as plump as they are 
immediately after oviposition. It is possible that they absorb fluid 
after entering the host egg. 
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The female parasite carefully examines each host egg by repeatedly 
tapping the surface of the egg with her antennae. When a suitable 
host egg has been found, the female will back up to the egg until the tip 
of the abdomen touches the surface; the ovipositor is extended so that 
just the tip is exposed and the chorion of the host egg is punctured. The 
ovipositor of H. ajax is not extensile to the degree that it is in those 
species of Scelionidae which parasitize the eggs of Orthoptera. During 
oviposition the female braces herself against adjacent host eggs and 
maintains contact with the one in which she is ovipositing by pulling 
backward with her hind legs which are extended posteriorly around the 
egg. The antennae remain flexed and lie against the frons during 
oviposition. The entire process may require from five to twenty 
minutes. Normally only one egg is deposited in each host egg; however, 
when the number of host eggs is limited, the same or a different female 
parasite may deposit additional eggs, only one of which ever develops 
beyond a first-instar larva. 


DEVELOPMENT 


The Egg and Its Development (figs. 1-6).—The egg of H. ajax (fig. 1) 
is stalked, and the chorion is a thin pellicle. The average size before 
oviposition is 0.18 mm. long by 0.09 mm. in diameter; after oviposition 
it is 0.21 mm. long and 0.118 mm. in diameter; the stalk is 0.121 mm. 
long and 0.012 mm. in diameter. 

The eggs are plump with a glossy surface and float freely in the 
fluid medium of the host egg. The contents are a rather uniform mass 
of oily droplets, probably yolk material, which after several hours 
separate into two unequal portions, the smaller mass occupying the 
distal or polar region of the egg, while the larger mass fills the remainder 
of the egg. This larger mass appears to undergo rapid division and 
within three to five hours after oviposition a blastosphere is formed 
(fig. 2). 

Meanwhile the polar mass, which probably constitutes the polar 
bodies, is utilized in part for the formation of cellular embryonic mem- 
brane which gradually extends around the blastosphere until the latter 
is completely enveloped. The cells of this membrane are not con- 
tiguous, but are separated by areas of cuticular substance. The nuclei 
are quite prominent in some of the cells. Similar membranes have been 
found in both polyembryonic and monembryonic species. They are 
believed to function in the absorption and transfer of food material 
from the host tissue to the embryo; they are commonly found in those 
eggs in which the chorion is shed at an early stage. Two to three 
hours are required for the formation of the cellular membrane, and 
about the time it is completed, the blastosphere becomes slightly 
elongate. At one end two rounded enlargements appear. This is the 
definitive anterior end of the embryo, and a mandible ultimately arises 
from each enlarged area. 

Meanwhile the embryo becomes flexed; the cells in the concave 
portion become thickened, and a germ band develops. About the same 
time that flexure occurs, the egg chorion is lost; figures 3 and 4 show 
successive steps in this process. The chorion ruptures, and the embryo 
enveloped by the cellular membrane passes out through the opening, 
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leaving the chorion behind as a crumpled pellicle. The embryo is now 
about ten hours old, and is plainly visible through the membrane (fig. 5). 

Shortly after the chorion is lost, the embryo develops a caudal horn, 
labial projection, and mandibles. At this time a very thin membrane, 
resembling a mere cuticle, appears between the embryo and the cellular 
membrane. It is a simple sac-shaped pellicle without extensions 
over the appendages. The origin of this inner membrane was not 
determined. The writer believes it to be analogous to the ‘‘hatching 
membrane”’ referred to by Snodgrass (1935). This type of membrane 
has been observed in other holometabolous insects. 

When the embryo is fifteen to seventeen hours old, the cellular 
membrane ruptures, and the embryo, still flexed and invested by the 
hatching membrane, escapes (fig. 6). The loss of the cellular membrane 
may be caused by enzymatic action, but certainly not by any mechanical 
action. 

Hatching is completed in about eighteen to twenty hours with the 
loss of the hatching membrane. The first movement of the mandibles 
along with a sudden straightening of the embryo causes the membrane 
to rupture, and it is soon left behind by the active first-instar larva. 
The loss of the hatching membrane might be regarded as an embryonic 
molt. 

First-Instar Larva (figs. 7-11).—The first-instar larva (fig. 7) is 
of the teleaform type as designated by Clausen (1940), ‘‘body seg- 
mentation not visible but the cephalothorax and abdomen separated 
by a constriction; the mandibles very large, usually fleshy and directed 
ventrad; the abdomen almost spherical with one or more rings of long 
delicate spines, and a long, heavily sclerotized blade-like process [caudal 
horn] directed ventrad, upon the last segment.” Imms (1924) classes 
this type of larva under primary larva, and suggests that it develops 
from an egg containing little or no yolk and is compelled to emerge 
while still in an early embryonic phase. It hatches in a condition which, 
in other groups of insects, is passed in the egg. Packard (1898) supposes 
that the embryos undergo a premature development due to their rich 
and abundant supply of food and the high temperature of the egg, and 
are therefore hurried into a vermian existence on a plane scarcely higher 
than that of an active ciliated gastrula. 

The larva just after hatching is 0.266 mm. long and 0.083 mm. wide, 


EXPLANATION OF PLATE I 


FicurE 1. Parasite egg just after oviposition. 2. Parasite egg four hours 
after oviposition; a, polar mass; b, formation of cellular membrane; c, blasto- 
sphere. 3 and 4. Stages in loss of chorion. 5. Embryo enveloped by cellular 
membrane. 6. Embryo enveloped by hatching membrane. 7. First-instar larva 
just after hatching; a, mandibles; 5, oral bulb; c, labial projection; d, caudal horn; 
e, girdle of spines. 8. First-instar larva (36-40 hours), lateral view showing 
muscle fibers; a, dorsal mandibular fibers; b, lateral fibers; c, ventral fibers; 
d, ventral mandibular fibers; e, latero-dorsal fibers; f, dorsal fibers. 9. Dorsal 
view of head of first-instar larva; a, dorsal mandibular fibers. 10. First-instar 
larva (36-40 hours), ventral view; a, dorsal mandibular fibers; 6, oral fibers; 
c, ventral fibers. 11. First-instar larva (60 hours); a, girdle of spines; b, nerve 
cord; c, enteron; d, brain. 12. Second-instar larva; a, oral bulb; }, enteron; 
c, anus; d, brain lobes; e, mandible; f, nerve cord; g, tracheae. 13. Third-instar 
larva, ventral view. 
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and the caudal horn (fig. 7, d) is 0.127 mm. long. The larva is extremely 
active, continually moving the head and caudal horn up and down by 
alternate contractions of ventral and dorsal muscles (fig. 8). This type 
of movement serves to shred any host tissue that may have formed by 
this time and also serves to aid the larva in moving around in the host 
egg. The mandibles move up and down freely in alternate succession; 
and in addition to directing food material toward the oral opening, they 
also enable the larva to hold on to large pieces of host tissue while the 
caudal horn reduces it to pieces of acceptable size. The labial pro- 
jection serves as a stationary trough for food material as it is taken into 
the oral opening. 

The larva becomes less active as it increases in size; and as the host 
tissue is consumed, the enteron becomes greatly distended (fig. 11, c). 
By the time the larva is half grown, a pronounced peristalsis is evident. 
The peristaltic waves may arise at either end and travel the full length 
of the gut, or they may start in the middle and travel toward either or 
both ends. 

The first-instar larva is ready to molt forty-five to fifty hours after 
hatching. By this time it has made approximately a four-fold increase 
in size, having a body length of 0.96 mm. and a diameter at the widest 
part of 0.59 mm.; however, during the entire first instar the mandibles, 
labial projection, caudal horn, and cephalothorax have remained 
constant in size. All of the increase in size takes place in the abdominal 
region. 

The old cuticle gradually becomes loosened; the larva repeatedly 
contracts the posterior part of the body; soon the cuticle splits on 
the anterior dorsal region and is slowly worked down over the head 
and backward over the body, and, finally, slips off at the posterior end. 
The mandibles, caudal horn, labial projection, and girdle of spines are 
cast off with the molted cuticle. 

Musculature of the First-Instar Larva (figs. 8-10).—There are seven 
pairs of muscle fibers responsible for the active movements of the first- 
instar larva; figures 8, 9 and 10 show the arrangement of these fibers. 
They appear as thin elastic bands attached at both ends to the inner 
surface of the integument. Appropriate terms are applied according 
to their position or connection with certain structures. 

A contraction of the ventral fibers (fig. 8, c) causes the caudal horn 
to be drawn toward the cephalothorax. When the lateral fibers (fig. 
8, 5) contract, the cephalothorax is drawn toward the caudal horn. 
These two movements occur simultaneously. Contractions of the 
latero-dorsal (fig. 8, e¢) and the dorsal fibers (fig. 8, f) pull the anterior 
part of the body in a dorsad direction. The lateral and latero-dorsal 
fibers also function in turning the anterior region of the body away 
from the median line. Such a movement can be induced by lightly 
touching the lateral region of the larva with the point of a dissecting 
needle. 

The mandibles are moved by the ventral and dorsal mandibular 
fibers (fig. 8, a, d). Usually they are moved up and down 
alternately. A set of oral fibers (fig. 10, 5) move the oral bulb in and 
out. This movement seems to create a suction and draws the food 
material into the short esophagus, which opens into the large sac-shaped 
enteron. The labial projection is immobile. 


Biology of Hadronotus 
Stewart C. Schell 


Fig. 16. 


EXPLANATION OF PLATE II 


Ficure 14. Third-instar larva, lateral view; a, functional spiracle. 15. Pupa. 
16. Adult female. 
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Second-Instar Larva (fig. 12).—The second-instar larva is sacciform 
with ‘‘the body bag-like and flattened, without segmentation, and lack- 
ing a tracheal system,” according to Clausen (1940). In this instar 
the enteron is still a simple sac filled with food material from the host 
egg, and occupying fully three-fourths of the haemocoele. The oral 
opening and oral bulb are similar to those in the first-instar larva. The 
anal opening is faintly outlined but the proctodaeum has not yet joined 
the enteron. In specimens fixed in Bouin’s fixative the paired ventral 
ganglia, longitudinal commissures, lobes of the brain, and the beginnings 
of a tracheal system can be seen as Opaque masses. 

During the early part of the second instar, there is still some food 
material available in the host egg. The parasite ultimately consumes 
all of this. Peristalsis of the gut wall is very pronounced throughout 
this instar. The duration of the instar is twenty to twenty-four hours. 
As the time for molting approaches, many of the features of the third- 
instar larva are visible through the old cuticle. Preliminary to ecdysis, 
the old cuticle becomes loosened, giving the larva a very flaccid appear- 
ance. The larva rapidly and repeatedly flexes the body ventrally, and 
at the same time, by contraction of the posterior region, causes the 
anterior part of the body to increase in size. The old cuticle splits 
along the ecdysial line and gradually peels down over the head and 
toward the posterior part of the body from which it is finally cast. 
The cast cuticle is extremely thin and transparent, and unless molting 
is actually observed and the cuticle examined as soon as it is cast, the 
observer would undoubtedly miss it entirely. 

Third Instar Larva (figs. 138 and 14).—The third-instar larva is 
hymenopteriform which, as characterized by Clausen (1940), has the 
‘‘body spherical to spindle shaped, usually twelve to thirteen visible 
segments, integument bare or with sensory setae and cuticular spines.”’ 
The molt to this stage occurs at sixty-four to sixty-six hours after 
hatching. Following the molt the average length is 1.76 mm. and 
width 1.12 mm. 

A functional tracheal system first appears with this instar (fig. 14, a). 
The larva is metapneustic, the only functional spiracles being the 
posterior pair. These spiracles open into a funnel-shaped enlarged end 
of the spiracular tracheae. Throughout the first and second larval 
instars, the host egg contains fluid food material; no tracheal system is 
present in the parasite larva; and respiration is probably cutaneous. 
By the time the third larval instar is reached, all of the host tissue has 
been consumed, and respiration can then be carried on through the 
tracheal system. 

During the latter part of the second instar, the larva becomes 
oriented with the head toward the opercular end of the host egg. This 
position is, maintained, the third instar larva being very inactive. 
Toward the end of the instar, a thin brown parchment-like cocoon is 
produced by the larva. The writer was not able to determine just 
how the cocoon was formed. It is closely applied to the inner surface 
of the host egg chorion, but is not attached to it. 

The formation of the cocoon marks the beginning of the prepupal 
stage. Shortly after the appearance of the cocoon, the larva discharges 
the meconium, consisting of fifteen to twenty disc-shaped fecal pellets 
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embedded in a semitransparent gelatinous mass, which invariably rests 
on the mid-ventral surface of the prepupa. The prepupa lies with the 
dorsum toward the basal surface of the host egg. The duration of the 
prepupal life is ten to twelve hours, at the end of which time the third 
molt occurs, the process being similar to that in previous molts. The 
awl-shaped mandibles could be seen in exuviae cleared in beechwood 
creosote. They are 0.049 mm. in length and amber-colored. The 
duration of the entire third instar is approximately forty-eight hours. 
The entire larval life requires five to six days. 

Pupa (fig. 15).—The average size of the pupa is 1.5 mm. in length 
and 0.8 mm. in width; approximately a 20 per cent reduction in size is 
evident as compared to the third-instar larva. The newly formed 
pupa is entirely white. After the first twenty-four hours the entire 
head, dorsum and venter of the abdomen, the mesosternum, and the 
scape of the antennae become black; the compound eyes are red. At 
the end of forty-eight hours, the remainder of the body is black with the 
exception of the pleural membranes, which are quite prominent and 
remain white during fully half of the pupal life. 

The pupa stage is brought to a close with the pupal molt which 
consists of the loss of a thin cuticle which completely ensheaths the 
pupa with extensions over the appendages. The ecdysial line is plainly 
visible, extending along the median dorsal region of the thorax and 
abdomen. When the split occurs the cuticle passes down over the 
thorax, head, and abdomen; and finally the legs, wings, and antennae 
are withdrawn from their sheaths. 

The duration of the pupal stage is nine to ten days, or approximately 
two-thirds of the entire life cycle. 

Adult (fig. 16).—The adult gnaws an exit in the chorion of the 
host egg with its mandibles. During emergence the head appears 
first; then the prothoracic legs are extended over the edge of the opening 
to aid the parasite to draw the rest of the body through. Post-emergence 
remnants in the host egg are the meconium, the cocoon, and the exuviae 
of the third-instar larva and of the pupa. 

Adults kept in cotton-plugged vials in the laboratory and fed daily 
with diluted honey, lived as long as twelve days at a temperature of 
75°-85° F. Specimens kept in tightly stoppered vials in the refrig- 
erator at 45° F. remained alive for periods of five to six weeks without 
receiving food or water. The average body length of the adult is 
1.4 mm. 


BIOLOGICAL CHARACTERISTICS OF HADRONOTUS AJAX 


Parthenogenesis—Tests for parthenogenesis were made by placing 
parasitized host eggs individually in small gelatin capsules. As the 
parasites emerged in this isolated condition, individual unmated females 
were released into small glass vials, each of which contained a cluster of 
unparasitized squash-bug eggs, and were allowed to oviposit. 

A total of 154 parasites was produced parthenogenetically in this 
manner; all of them were males (arrhenotokous). Although parthe- 
nogenetic reproduction is possible, it is undoubtedly of rare occurrence 
under natural conditions. Of numerous parasitized egg clusters 
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collected in the field, and from which emergence records were taken, 
only four clusters ever produced an entirely male progeny, indicating 
a possible natural case of parthenogenesis. 

Percentage of Parasitism.—The percentage of host eggs found 
parasitized in large collections made in the field during the month of 
August, 1940 and 1941, were: August, 1940, 23.0 percent parasitism; 
August, 1941, 42.0 percent parasitism. Most of the adult parasites 
and squash-bug nymphs obtained from these collections were released 
in the field as soon as they emerged. 

Number of Generations.—The parasites appear in the field about the 
time that the first squash-bug eggs are deposited. The earliest parasite 
emergence, from host eggs collected in the field, occurred on July 24, 
1941. The final emergence occurred September 19, 1941. The normal 
life cycle requires 15-16 days. There is then sufficient time for approxi- 
mately four complete generations of the parasite. This time limit 
for effective parasitism is imposed by the squash-bugs, which cease 
egg-laying by late August in this locality. 

Fecundity.—The average number of eggs produced is 16 per female. 
Data concerning the number of eggs the female parasites were capable 
of producing was obtained from two sources, (1) dissection of gravid 
females, and (2) dissection of host eggs after oviposition by a single 
female parasite; fresh, unparasitized host eggs had been supplied daily 
until the parasite died. Dilute honey was fed. 

Sex Ratio—Records were kept of the sex of parasites emerging from 
numerous clusters of host eggs collected in the field. The ratio of 
males to females was 1:5. Graham (1939) expresses the sex ratio 
as the ratio of females to the total population, and refers to this as the 
sex factor. The sex factor for Hadronotus ajax is 0.83. 

Biotic Potential.—The biotic potential of an insect species, according 
to Graham (1939), is ‘‘its ability to multiply in a given time when 
relieved of all environmental resistance.” 


B. P.=p(zy)® p=original population (1) 
=1(13.3X1)! z=product of the number of eggs per 
= 31,290 female and the sex factor (160.83 = 
13.3) 


n=number of generations (4) 
y=number of progeny from a single 
egg (1) 

Super parasitism.—Rarely was more than one parasite egg, or first- 
instar larva ever found in any individual host egg under normal con- 
ditions. However, when host eggs were scarce and female parasites 
numerous (in vials) as many as five parasite eggs were found in a single 
host egg. Not more than one larva per egg ever developed beyond 
the first instar, making attempts at superparasitism definitely unsuc- 
cessful. 

Other Species of Parasites Bred.—In addition to Hadronotus ajax 
Girault, the following parasites were bred: Ooencyrtus anasae Ashmead 
and Anastatus sp., both egg parasites. Trichopoda pennipes Fabricius 
was bred from the adult squash-bugs. 


1943] Schell: Biology of Hadronotus 635 


SUMMARY 


Hadronotus ajax Girault has been found to be a parasite in the eggs 
of the squash-bug (A nasa tristis DeGeer). The female parasite normally 
deposits a single stalked egg within the host egg. Hatching occurs 
within eighteen to twenty hours. In the course of development of 
the embryo, two embryonic membranes are formed; one is a cellular 
membrane, and the other is noncellular and is referred to as the hatching 
membrane. 

There are three larval instars, each of which is terminated by a molt. 
The first-instar larva is teleaform, the second instar larva is sacciform, 
and the third-instar larva is hymenopteriform. The construction of a 
brown parchment-like cocoon marks the beginning of the prepupal 
stage. Larval life lasts five to six days. 

The pupa stage occupies nine to ten days and is terminated by a 
pupal molt which just precedes emergence. Post-emergence remnants 
in the host egg are the cocoon, meconium, and the exuviae of the third- 
instar larva and of the pupa. The entire life cycle requires fifteen to 
sixteen days. 

The species can reproduce parthenogenetically (arrhenotokous). 
The sex ratio, expressed as the sex factor, is 0.83, or one male to five 
females. Attempts at superparasitism were unsuccessful. The per- 
centage parasitism was 23.0 percent for August, 1940, and 42.0 percent 
for August, 1941. There are at least four generations of the parasite 
per season. Each female produces an average of sixteen eggs. The 
calculated biotic potential was 31,290. 
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STUDIES OF THE GENUS EMPOASCA 
(Homoptera, Cicadellidae) 


Part XI.1. Six NEw SPECIES OF EMPOASCA FROM MEXICO 


RALPH H. DAVIDSON anp DWIGHT M. DELONG, 


Department of Zoology and Entomology, 
Ohio State University 


Empoasca irrita n. sp. 


Resembling crocostigmata but with different dorsal spine and lateral 
processes like curvata and cerata. Length 2.75-3 mm. 


External Characters —Vertex rounded, slightly produced, whitish 
in color except for an irregularly shaped golden area that surrounds 
an elongated white spot on the mid-dorsal line. Pronotum with 
irregularly shaped whitish areas on lateral and anterior margins, a 
golden colored central area which gradually darkens posteriorly to 
dark purple. Scutellum dark purple except for the anterior corners 
which are white. Fore wings with reddish brown to purplish areas 
on anterior commissural line, apices smoky. In well-marked male 
specimens a faint purplish spot appears on the costal margin and 
golden spot in the center of each fore wing. Female with last ventral 
segment almost truncate with rounded corners. 

Internal Male Genitalia.—Lateral processes tapering gradually 
posteriorly, bent inwardly at about half their length and then curved 
outward ending with blunt pointed tips. Aedeagus long and slender 
with a rounded apex. Dorsal spine small, almost oblong in shape 
with the ventral anterior corner elongated into a sharp pointed tip. 

Holotype male, allotype female, and a large series of male and female 
paratypes from Zitacuaro, Michoacan, Mexico (160 Km.)*, Sept. 29, 
1941, collected by DeLong, Good, Caldwell and Plummer. Types 
deposited in the authors’ collections. 


Empoasca tripunctata n. sp. 


A long slender species with internal male genitalia resembling those 
of the alboneura group, but with characteristic dorsal spine and col- 
oration. Length 4—4.5 mm. 

External Characters.—Vertex golden to yellow with three black 
spots on anterior margin. Pronotum brownish centrally and pos- 
teriorly with greenish-yellow on anterior margin. Scutellum green- 
ish-yellow with two faint longitudinal brown stripes. Fore wings 


1Previous parts of this study have appeared as follows: Ohio Jour. Sci. 32: 
393-401; 25: 29-39; 36: 225-230; 38: 90-96; 39: 110-118; 42: 12-126; 43: 214-220; and 
Ann. Ent. Soc. Amer., 27: 604-609; 33: 608-611; 35: 105-109. 

“Kilometer figures following collecting localities indicate distances from 
Mexico City. 
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E. DIACUMANIS E. TECTONA 


Ventral and lateral views of male genitalia of new species of Empoasca. 
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milky to subhyaline with brownish areas. Female with last ventral 
segment rounded and slightly produced. 

Internal Male Genitalia.—Lateral processes long, directed inward 
and upward to dorsally pointing tips. In lateral view they appear 
enlarged just before they taper to the pointed tips. Aedeagus broad 
and rounded at the apex. Dorsal spine broad at base, narrowed to 
an oblong shape with the ventral anterior corner produced as shown 
in the accompanying illustration. 


Holotype male, allotype female, and a female paratype from 
Guadalajara, Jalisco, Mexico (645 Km.), Oct. 3, 1941; male and female 
paratypes from Taxco, Guerrero (150 Km.), Oct. 26, 1941; Zitacuaro, 
Mich. (130 Km.), Oct. 5, 1941; Carapan, Mich. (432 Km.), Oct. 2, 1941; 
Tres Cumbres, D. F. Mexico (52 Km.), Oct. 21, 1941; all collected by 
DeLong, Good, Caldwell and Plummer. Types deposited in the 
authors’ collections. 


Empoasca quintapunctata n. sp. 


Resembling tripunctata but larger in size and with different lateral 
processes, dorsal spine and five black spots on the vertex. Length 5 mm. 


External Characters —Frons and clypeus yellowish. Vertex yel- 
lowish posteriorly with five black spots on anterior margin, three of 
which are visible from above and the other two by tilting the spec- 
imen slightly. Ivory coloration predominates in the area between 
these spots. Pronotum deep reddish-brown with two faint medially 
located yellowish areas and two lateral whitish areas on anterior 
margin. Scutellum reddish-brown with two darker longitudinal 
stripes. Fore wings subhyaline with large reddish-brown areas, the 
extent of the coloration varying in different specimens. Female with 
last ventral segment rounded and very slightly produced. 

Internal Male Genitalia.—Lateral processes stout, long, directed 
posteriorly then curving dorsally at about half their length and 
tapering gradually to very sharp-pointed tips. Aedeagus long, slen- 
der, with an enlarged dorsally-directed apex and a pair of anterior 
projecting pieces at base of enlargement which connect to the base 
of the dorsal spine. Dorsal spine long and slender, tapering slightly 
to a ventrally and inwardly curved, rounded apex. 


Holotype male, allotype female, and a series of male and female 
paratypes from Zitacuaro, Mich., Mexico (130 Km.), Oct. 5, 1941; 
and Rio Frio, D. F. Mexico (55 Km.), Oct. 7, 1941, all collected by 
DeLong, Good, Caldwell and Plummer. Types deposited in the 
authors’ collections. 


Empoasca diacumanis n. sp. 


Resembling species of the alboneura group but with characteristic 
coloration, dorsal spine and genital characters. Length 4 mm. 
External Characters.—Frons and clypeus dark brown to black in 
color. Vertex of the same color but with four spots and the margin 
next to the eyes greenish-yellow. Pronotum dark brown centrally 
with yellowish-green antero-lateral margins. Scutellum with a dark 
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brown longitudinal stripe and greenish-yellow anterior corners. Fore 
wings with a greenish tinge, brownish spots, and smoky apices. 
Female unknown. 

Internal Male Genitalia.—Lateral processes long, rather broad at 
base, then narrowed and curved slightly inward and upward, with 
slightly convexly enlarged outer margins just before the tapered 
pointed apices. These processes are almost identical with those of 
utrica. Aedeagus long and slender with an enlarged rounded apex 
and a pair of anteriorly directed pieces near base of enlargement that 
connect to the broad base of the dorsal spine. The dorsal spine is 
ventrally directed and ends in a pair of short stout processes, the 
anterior one being the longer. 


Holotype male and seven male paratypes from Puebla, Puebla, 
Mexico (78 Km.), Oct. 18, 1941, and Rio Frio, D. F. Mexico (47 Km.), 
Oct. 18, 1941, collected by DeLong, Good, Caldwell and Plummer. 
Types deposited in the authors’ collections. 


Empoasca tectona n. sp. 


Resembling resupina somewhat in shape of lateral processes but 
with a distinct T-shaped apex on aedeagus. Length 3.5 mm. 


External Characters.—General coloration lemon yellow to golden 
Vertex rounded, slightly produced, with a broken median longitudinal 
white line and three white spots on each side. Pronotum with three 
irregularly shaped white spots on anterior margin. Scutellum with 
a median longitudinal white stripe and a spot of white on each of 
the anterior corners. Fore wings tinged lemon yellow. Female with 
last ventral segment roundedly produced. 

Internal Male Genitalia.—Lateral processes, short, broad at base, 
then narrowed and directed inward, becoming enlarged again just 
before the divergent dorsally directed broadly pointed apices. In 
ventral view they resemble those of sativae. Aedeagus in ventral 
view constricted at apex like stalsisa. The apex in side view appears 
somewhat T-shaped. A pair of anterior projections near base of 
aedeagus enlargement connects to the base of the long, rather heavy 
dorsal spine which curves ventrally and inwardly. 


Holotype male, allotype female, and a series of male and female 
paratypes from 12 miles south of Jacala, Hidalgo, Mexico, collected 
Sept. 26, 1941, by DeLong, Good, Caldwell and Plummer. Types 
deposited in the authors’ collections. 


Empoasca cothurna n. sp. 


Resembling species of the alboneura group but with characteristic 
internal male genitalia and dorsal spine. Length 3.5 mm. 


External Characters —General coloration golden with pale blue 
markings on pronotum and fore wings. Vertex rounded with a 
median longitudinal white line and two lateral oblique dashes of 
white. Pronotum with three whitish spots on anterior margin, a 
median bluish longitudinal stripe, and a blue spot on each of the 
caudo-lateral margins. Fore wings golden with pale blue markings 
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and smoky apices. Female with last ventral segment rounded and 
slightly produced. 

Internal Male Genitalia.—Lateral processes rather broad at base, 
narrowed at about one-third their length and curved inward and 
upward to tapered pointed apices. Aedeagus long and narrow with 
an enlarged apex which curves caudad and dorsad. A pair of anterior 
projections at the base of the enlargement connects to the base of 
the broad dorsal spine. The spine curves caudad and then ventrad, 
ending with a pair of processes, the anterior one being long and broad 
and the other quite narrow and shortened. In lateral view the spine 
has the appearance of a high-heeled boot. 


Holotype male, allotype female, and a series of male and female 
paratypes from Tuxpan, Mich., Mexico (186 Km.), Oct. 5, 1941; and 
Tehuacan, Puebla, Mexico, Oct. 17, 1941, all collected by DeLong, 
Good, Caldwell and Plummer. Types deposited in the authors’ 
collections. 


ENTOMOLOGIA AGRICOLA DEL PERU, by JoHANNEs E. WILLE, Dr. Putt. 
Pages vii+468, 213 figures, 7 x 934 inches, paper bound. Published by 
La Estacion EXPERIMENTAL AGRICOLA DE LA Mo.tna, Lima, Peru, Apartado 
2791. 1943. Price, $5.00, postpaid. 

This is a very practical book on the agricultural entomology of Peru. It is 
written ‘‘for agriculturalists, students of agriculture, entomologists, and for all 
persons interested in agricultural entomology.”’ 

The plan of the book is somewhat like that of Metcalf and Flint’s ‘‘Destructive 
and Useful Insects.’’ Following a short preface outlining the work of the Experi- 
ment Station, and an introduction discussing the economic importance of insects 
in Peru, there are separate chapters on the insects which attack various agri- 
cultural crops: (1) insects which attack cotton; (2) insects which attack sugar 
cane; (3) insects which attack cereals (rice, wheat, and corn); (4) insects which 
attack cultivated tropical plants (coffee, cocoa, tea, tobacco, etc.); (5) insects 
which attack orchards and vineyards (citrus trees, olives, figs, apples, peaches, 
grapes, etc.); (6) insects which attack field and garden crops (legumes, tomatoes, 
various other garden crops, and ornamental plants); (7) insects which attack 
various other cultivated plants (sweet potatoes, flax, pyrethrum, alfalfa, etc.); 
(8) insects which attack stored grains and seeds; and (9) a summary of insect 
control measures (cultural, biological, physical, and chemical). At the end of the 
book is a bibliography of 131 titles (which is frequently referred to through the 
book), a glossary, and an index. 

The accounts of the various insect pests are quite detailed. For each species 
or type of insect treated, there is a general account of the pest problem and the 
damage done, a description of the insect and an account of its life history and 
habits, often a discussion of its parasites and predators, and a discussion of its 
control. The book is well illustrated with drawings and photographs of the 
various insects (adults and immature stages) and the damage they de, and occa- 
sional figures illustrating control measures. 

This book marks an outstanding step in the progress of economic entomology 
in Peru. Up until about 1929, most of the entomological research of the Experi- 
ment Station had to do with the insects attacking cotton and sugar cane, but 
since that date the work of the Station has expanded, and research has been carried 
on with the insects attacking other crops. This Experiment Station has put out 
a large number of excellent publications in recent years, in the form of Circulares, 
Informes, Boletines, and Memorias. The present excellent volume is typical of 
the entomological work now being done in Peru.—D. J. B. 


NOTES ON THE NESTING HABITS OF CERTAIN SOCIAL 
AND SOLITARY BEES OF MEXICO 


PHIL RAU, 


Kirkwood, Missouri 


These fragmentary notes on social and solitary bees of Mexico were 
made during two trips of about a month each, February, 1939 and 
July, 1940, to that country. Other observations on the habits of certain 
Aculeate Hymenoptera, made during these visits, have been published 
in the Annals of the Entomological Society of America, 33: 81-94, 
590-595, 1940, and 36: 515-536, 1943. 


STINGLESS BEES 


Trigona (Partamona) testacea var. orizabaensis Strand 
(Herbert F. Schwarz)! 


Colonies of these social bees were observed at Cordoba, V. C., 
Jalapa, V. C., Tamazunchale, S. L. P., and Iguala, Gro. Some nests 
were under bridges, some in culverts under the highway, and others in 
niches and crevices in ruined buildings. All but one were in vertical 
positions; the exception lay horizontally on top of a lumber pile in an 
open-faced shed. 

The nests are usually built in some man-made structure, and while 
often a large portion of the nest is exposed to the weather, the important 
portions—the brood cells and many of the provision vats—are always 
deep within the recesses of the walls, amply protected from the elements 
and from prowling enemies. 

The colonies are not annual affairs, and certain ones which I marked 
in February were still active in July a year and a half later. Apparently, 
the bees are active at all times of the year; this may not seem surprising, 
since these bees are found only in the tropical portions of Mexico; but 
we must not lose sight of the fact that in these very same regions certain 
social wasps do not have all-year-round activity, but spend a period in 
rest during portions of the dry season (Ann. Ent. Soc. Amer. 33: 
81-94, 1940). 

Some species of Trigona bees build a tube before the opening of the 
nest, but this species makes massive structures of cerumen resembling 
very much those of Trigona cupira of Panama (see figs. 1 and 4, Jungle 
Bees and Wasps of Barro Colorado Island), excepting that the opening 
to the nest of the Mexican species is at the bottom. Figure 1 (about 
24 natural size) illustrates the outside wall of T. orizabaensis. The nest 
is dung-colored, and often blends beautifully with its ancient surround- 
ings; it is hard and brittle in texture. The cerumen of which it is made 
is a mixture of wax manufactured by the bees and foreign substances 
such as dirt, dung and resins. Fig. 1 (above the arrow) shows the large 


1The names of the experts who have kindly identified the material appear 
in parentheses. 
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oval opening in the lower right-hand corner, and at the top of this a 
half-dozen or so smaller openings. From all of these doorways the 
bees, with their sticky legs, biting jaws and crazy crawling, pour forth 
at the slightest disturbance, and like other stingless bees, crawl into 
your ears, eyes, hair and neck, where they can quickly drive you frantic 
by biting you and dragging their filthy, rasping legs over your skin. 
The openings of the nest are abundantly supplied with guards who 
apparently have a way of communicating to the hordes inside the wall 
in the event of danger. Fig. 2 (also about 24 natural size) shows the 
inside of the nest (the reverse of fig. 1) full of nooks and crannies which 
give shelter to several thousands of bees, all within easy reach of 
the openings. 

This nest had several storage vats for pollen and honey deep in the 
recesses of the stone wall and a few among the crevices of the wall of 
cerumen not shown in the photograph. Evidently the honey of these 
bees is attractive to the natives of Mexico, for someone had placed at 
the entrance of a nest in a ruined wall near Jalapa a home-made funnel 
of heavy card-board. This funnel must have been there for some time, 
for the bees had covered portions of it with cerumen. The honey stores 
were about ready for tapping, for when I removed the funnel (net over 
face and hands fully gloved), I broke into large vats of honey which 
flowed abundantly down the wall. The removal of the funnel gave 
direct access to several thousand adult bees, and also the brood combs, 
probably a dozen in number, round in shape and about three inches in 
diameter, resembling very much the combs of Trigona dorsalis figured 
on page 30 of Jungle Bees and Wasps. By placing the card-board at 
the opening, the natives had evidently prevented the bees from making 
the usual outside structure. 


Trigona pectoralis Dalla Torre (Herbert F. Schwarz) 


A large colony of these red stingless bees nested so deep in a wall 
of an ancient ruin at Cordoba, V. C., that they were safe from my 
intrusion. They reached their nest through a hole in the wall about a 
half-inch in diameter. Over this hole they had built a horizontal tube 
of yellowish-red wax (which incidentally resembled their own colora- 
tion), one and one-half inches in length and three-fourths inch in 
diameter, which harbored many guards. 


Trigona mexicana Guerin (Herbert F. Schwarz) 


Several nests of this species were seen attached to the limbs and 
trunks of trees along the shores of the River Amajac near Tamazunchale, 
but none were within reach for study. 


EXPLANATION OF PLATE 


FicurE 1. Outside wall of nest of Trigona orizabaensis, about two-thirds 
natural size. 2. A view of the inside of the nest, the reverse of figure 1, about 
two-thirds natural size. 3. Nest of Polistes instabilis, about natural size, showing 
a large number of cells resealed with resin by Megachile peruviana in the right 
third of the photograph. At a are six cells sealed with mud by Stenodynerus 
mysticus, and in the third and fourth cells under d, the cells of the leaf-pulp wasp, 
Zethus pipens. ‘The second cell under d is unique in having in the center of a mud 
plug the seal of leaf pulp, showing that the cell had been used successively by 
S. mysticus and Z. pipens. At c is a group of cells covered with silky web, the 
work of the parasitic lepidopteron, Chalcoela iphitalis Walk. 
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SOME SOLITARY BEES 


Megachile peruviana Smith (T. B. Mitchell) 


Megachile bees are generally known as leaf cutters, for they fashion 
their brood-chambers from discs which they cut from leaves and flower 
petals, but M. peruviana works in resin. These bees do not make nests 
of their own, nor do they fashion any brood pots, but they appropriate 
the old nests of paper wasps, and by building partitions and plugging 
the openings of the cells with a resinous substance they convert them 
into satisfactory brood chambers for their young. 

Dr. T. B. Mitchell, who has kindly identified these bees, writes that 
the resin-working Megachilid bees belong to the subgeneric group 
Chelostomoides, and that there are interesting morphological characters 
in both groups which seem to support the observations on behavior, the 
resin-gatherers lacking, in the females, the beveled cutting edge of the 
mandibles which is so characteristic in the species which cut leaves. 

There is but little known on the habits of the resin-gathering 
Megachilid bees, and Dr. Mitchell writes further that the first reference 
in this country to this habit is on M. campanulae, (Rau, Trans. Acad. 
Sci. St. Louis 25: 157-277, 1926), and a year later Hicks published a 
note on the resin-using habits of M. subexilis (Ent. News 38: 17, 1927). 
A few years previously, however, two or three species belonging to the 
subgenus Hackeriapis in Australia were found to have similar habits. 
In this connection it is interesting to note a remark by Tarlton Rayment 
(A Cluster of Bees, p. 444, 1935) to the effect that Mr. Hy. Hacker in 
Australia has actually seen both sexes of Magachile rhodura scraping 
resinous material from a wound in the bole of a Eucalyptus tree. 

But to return to our species M. peruviana in Mexico: the bees were 
found occupying two old paper nests of Polistes instabilis (fig. 3) and 
one old paper nest of Mischocyltarus sp. These nests were hanging 
vertically in culverts under the highway between Iguala and Mexcala, 
Gro. Close neighbors in one of these nests were two species of wasps, 
Zethus pipens (fig. 3, b and d) and Stenodynerus mysticus (fig. 3, a), the 
former plugging the old cells with chewed-up green leaf material, and 
the latter with mud.’? 

M. peruviana uses resin both for plugs for the doorways and for 
partitions within the cell. The mother bee places but one young in 
each cell. Each cell has a vestibule or air-space, which is formed by 
placing a thin wall of resin about one-fourth inch from the opening 
leaving the brood-cell back of this space. In fig. 3 may be seen a nest 
of Polistes instabilis with many of its cells resealed with resin. Inci- 
dentally, others are there sealed with leaf pulp or mud; these are the 
work of the two species of wasps already mentioned.’ 

The surfaces of the resin plugs are not smooth, but are lumpy and 

Toward the left in fig. 3 at c, are several covered cells containing the parasitic 
Lepidopteron, Chalcoela iphtalis Walk., and the second cell below b (a mud plug 
with a leaf-pulp center) is the work first of S. mysticus and later, Z. pipens. 

3An account of these wasps appears in Ann. Ent. Soc. Amer., 36 (3): 515-536, 


1943. M. peruviana was mentioned in this account as a new species; however it 
proved to be not a new species, but M. peruviana. 
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rough, and portions of it are often irregularly placed, sometimes 
piled high above the rim of the cell. The bees evidently get the resin 
from several sources, for the plugs are made up of material of various 
colors, sometimes different colors appearing in one plug; various shades 
of browns and grays, and delicate greens and ambers. Some of the 
plugs glisten in the light, and this probably is due to bits of hardened 
saliva which go into the manufacture of the substance. There is suffi- 
cient indication, however, that each mouthful of the material has been 
thoroughly worked over in the jaws of the maker. Sometimes the 
plugs are very thin, and again they may be as much as one-fourth inch 
in thickness. The brood cells are about three-eighths inch in length 
by three-sixteenths inch in diameter; their walls are varnished with a 
dark brown, glossy substance which is evidently added by the larvae 
before pupating, but I have never been able to find if this is a secretion 
from the mouth or excrement from the anus. 

In one of the nests (fig. 3) fifty-three cells were sealed with this 
resinous substance, and from some of these cells in my laboratory at 
Kirkwood adults of this species emerged between October 11 and 13, 
1940. From an old Polistes nest, similarly sealed, taken at Jalapa, 
V. C., I removed a few dead immature adults which, according to 
Dr. Mitchell, were also M. peruviana. 

This bee is not free from parasites. From the resin-sealed cells in 
the nest of Mischocyttarus sp., several Chalcid parasites (Monodon- 
tomerus mexicanus Gahan)‘ emerged, and from one of the cells sealed 
with resin in the nest illustrated I removed several dead Chalcid 
parasites, Monodontomerus montivagus Ash. (A. B. Gahan). 


Megachile exilis Cress. (K. V. Krombein) 
An adult emerged July 26, 1940, from a resealed cell in a nest of 
Polistes exclamans taken at Artesian Wells, Texas. The locality is so 
near the Mexican border that the note is included here. 


Diceratosmia azteca Cress. (K. V. Krombein) 


An adult was taken from my laboratory window; evidently it had 
escaped from some of the nests brought home from Mexico. 


Stelis costalis Cress. (K. V. Krombein) 
This bee, evidently a parasite, emerged from a nest of the mud- 
dauber Sceliphron sp., taken at Mission, Texas, on the Mexican border. 


Nomia nortoni Cress. (K. V. Krombein) 


One specimen flew into the car at Texcoco, near Mexico City, on 
July 22, 1940. 


Agapostemon coloradensis Vach. (K. V. Krombein) 


Several bees were going to the flowers of a cactus at Zimapan, 
Hdgo., July 9, 1940. 


‘This is a new species recently described by Mr. Gahan in Proc. U. S. Nat. 
Museum, 90: 468, 1941. 
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Centris lanipes F. (K. V. Krombein) 


Two dead bees of this species were found in sealed cells of Sceliphron 
assimilis taken at Acapulco, Gro. This bee does not use the old cells as 
they are found, but actually makes new cells of mud within the old ones. 


Xylocopa brazilianorum L. (K. V. Krombein) 


These carpenter-bees were busy at flowers at Cuernevaca, Morelos, 
in February, 1939, and also were nest-building at Pie de la Cuesta, 
Gro., in July, 1940. They were excavating their tunnels in the hori- 
zontal bamboo poles of a hut, and brushing the golden wood dust to 
the ground. A large number of poles in the roof were being worked in 
this manner, and many bees were seen going into these tunnels heavily 
laden with pollen. When opened, these tunnels proved to be from six 
to eight inches in length and about five-eighths to three-fourths inch 
in width. Like our local Xylocopa virginica, this species is gregarious, 
for from four to six adults were found in each of the several tunnels. 
Cells were made by partitioning the tunnels with walls of agglutinated 
saw-dust. In one such tunnel, two cells had masses of bee-bread. In 
all these details of nesting, this species differs in no wise from our own 
X. virginica. 

There is a dipterous insect (a syrphid fly) which I have often met 
which mimics X. brazilianorum so skillfully that it has often deceived 
me. It resembles the bee not only in appearance but in buzz and in 
movements also. Xylocopa has the habit of bobbing up and down 
before entering the nest, and I have often seen this syrphid hovering in 
the identical way before a blank wall in the culverts under the highway. 
This fly, Volucella mexicana Marc. (C. T. Greene) was taken at the 
Teotihuacan pyramids near Mexico City, and at Santa Engracia, Tamps. 

Since our own X. virginica hibernates gregariously as adults, and 
since X. brazilianorum were active on the wing -at Cuernevaca in 
February, one wonders whether those in Mexico have a twelve-month 
period of activity, or whether they also go through a period of 
hibernation. 


VIRUS DISEASES, by members of the Rockefeller Institute for Medical 
Research: THomas M. Rivers, WENDELL M. STANLEY, Louis O. KUNKEL, 
RicHarRD E. SHoPE, FRANK L. HORSFALL, JR., and PEyToN Rous. Pages 
ix+170, 24 figures, 6% x 9% inches. Published by CoRNELL UNIVERSITY 
Press, Ithaca, New York. 1943. Price, $2.00. 


This book contains the six Messenger Lectures given at Cornell University 
in the spring of 1942: Virus Diseases with Particular Reference to Vaccinia, b 
Thomas M. Rivers; Chemical Structure and Mutation of Viruses, by Wendell M. 
Stanley; New Hosts as a Key to Progress in Plant Virus Disease Research, by 
Louis O. Kunkel; Swine Influenza, by Richard E. Shope; Human Influenza, by 
Frank L. Horsfall, Jr.; and Viruses and Tumors, by Peyton Rous. 

Much has been learned about viruses in the last fifty years, and their impor- 
tance as the cause of many important diseases of man and animals is widely recog- 
nized. This book will not have much practical value for entomologists 
investigating the problems of insect transmission of virus diseases, but it should 
be of interest to all interested in the subject. It presents a clear, concise account 
of what is known of certain phases of this problem.—D. J. B. 


THE NESTING HABITS OF CERTAIN SPHECID WASPS 
OF MEXICO, WITH NOTES ON THEIR PARASITES 


PHIL RAU, 
Kirkwood, Missouri 


This is the tenth and last paper on Mexican insects, all of which are 
the outcome of two brief trips to that country in 1939 and 1940. The 
titles of the other nine appear at the end of this article (p. 653). 

Mexico is full of delights for the student of nature. Its rich insect 
fauna and its extreme climatic variations offer endless material for 
biological studies. One may pause in a tropical lowland and look up 
through palm and banana leaves at the perpetual snow above the 
mountain pines; or in a mere half-hour on a smooth road one may pass 
from desert to rain-forest, or from tropics to alpine meadows. That 
it should become a Mecca for outdoor naturalists is at once evident 
when one considers that all the data in these papers were gathered in a 
period of about six weeks. 

Also, the sprinkling of references to new species shows to the restless 
taxonomist what Mexico has to offer in his line. To give a concrete 
example: of three specimens of Myriapods picked up only incidentally, 
and not mentioned in any of the papers, all were, according to Dr. 
R. V. Chamberlin, new to science.! 

All in all, a place is seldom found which holds so much near at hand 
for the interested student. 


WASPS 


Sceliphron assimile Dahl [K. V. Krombein]? 


In my paper on “‘Mud-daubing Wasps and Their Parasites,” (Ann. 
Ent. Soc. Amer. 33:590, 1940), I called certain wasps Sceliphron 
caementerium. So familiar did they appear to me that I did not even 
collect specimens to send to the taxonomic specialist for verification. 
However, as the months rolled by the guilt in my heart and the remorse 
in my head grew heavy, so on the second trip I was glad of the oppor- 
tunity to do penance by collecting specimens of this yellow-legged 
mud-dauber in the several localities mentioned before. To my chagrin, 
Dr. Krombein pronounced all of them S. assimile. Therefore in the 
aforementioned paper, all of the wasps called S. caementarium should 
be corrected to S. assimile. 

In addition to the localities cited in that paper, specimens and their 
nests were taken at Pie de la Cuesta and Acapulco, Gro., and at Santa 
Engracia and Limon, Tamps., and Jalapa, V. C. 


1These are Messicovolus raui, Rhysodesmus potosianus and R. cuernavacae, and 
are described by Dr. R. V. Chamberlin in Bull. Univ. Utah, Biol. Ser., 6: 13, 1941, 
and Canad. Ent., 1942. 

*The names of the experts who have kindly identified the material appear 
in brackets. 
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I am not sure how many generations these wasps produce each year, 
but our limited evidence indicates that their routine is the same as 
that of our temperate species, S. caementarium. Several hundred wasps 
emerged between July 10 and August 5 from the nests collected; this lot 
evidently would have produced the generation to hibernate. 


Chalybion zimmermanni Dahl [K. V. Krombein] 


This species is evidently a cuckoo wasp, using the cells of S. assimile 
in the same manner as C. caeruleum which breaks into the nests of 
S. caementarium. 

Many specimens of C. zimmermanni emerged from cells in the nests 
of S. assimile; these cells had been resealed with mud or white plaster. 
This wasp was found in all of the localities where S. assimile lived, but 
was found nowhere independent of that species. In addition to the 
localities recorded for this wasp in the aforementioned paper, it was 
taken at Jalapa, V. C., and Jacala, Hdgo. From nests taken at the 
two latter localities, adult wasps emerged July 18 and 25, and others 
gave forth their adults between August 12 and 20. 


Chlorion harrisi Fern [K. V. Krombein] 


A large number of these grass-carrying wasps were nesting in the 
hollow stems of a thatched roof at Santa Engracia, Tamps. They have 
a wide distribution, are found in Missouri, and their life history has been 
recorded in Bull. Brooklyn Ent. Soc. 30: 65-68, 1935. Their behavior 
in Mexico is very similar to that here. At the time of my observation, 
noon on July 5, they were going through a courtship dance in several 
groups of 20 to 25 individuals, in front of the sloping roof of the hut. 
None of them were bringing in strands of grass, nor were they bringing 
in prey, but the openings of many bamboo canes in the roof were 
sealed with heavy plugs of dried grass. 


Chlorion (Isodontia) costipennis Spinola [K. V. Krombein] 
Several wasps were seen foraging among the flowers of a red milk- 
weed at Limon, Tamps., July 20, 1940. 
Podium iridescens Kohl? [K. V. Krombein] 
Several were at the flowers of a red milk-weed at Limon, Tamps., 
July 20, 1940. 
Stizus godmani Cam. [K. V. Krombein] 


A pair taken in copula on a cactus plant near Zimapan, Hdgo. 


Passaloecus pusillus Sauss.? [K. V. Krombein] 


The wasp Trypoxylon sp. (in fabricator group) fashions delicate cells 
of mud which she fills with tiny spiders. After they become vacant, 
the aphid-hunter wasp, P. pusillus, appropriates them for her young. 
After she has provisioned the cell with aphids, and deposited her egg, 
she seals up the opening, not with mud, but with a transparent, glass- 



























1943] 





Rau: Mexican Wasps 649 


like substance. In some of the cells the partitions were made of this 
same material. 

Two such mud nests that had been re-used by this tiny wasp were 
removed from the wall of a culvert near Acapulco. Some of the cells 
when broken open were found to contain dead adults of P. pusillus (one 
in each of several cells), while others held dead plant-lice, six to eight in 
acell. The plant-lice were A phis gossippi [P. W. Mason], Macrosiphum 
sp. [P. W. Mason] and Aphis sp. belonging to the Aphis rumicis L. 
group [P. W. Mason]. 

This little wasp has its parasites, for there were present in some of 
the cells dead adults of two species of Chrysididae: Omalus near diversus 
Oar [K. V. Krombein] and Chrysis near verticalis Patt. [K. V. Krombein], 
while in another cell were several dead Chalcid parasites which proved 
to be new to science, Monodontomerus n. sp. [A. B. Gahan], (my number 
2486). 


Trypoxylon sp., group fabricator [K. V. Krombein] 


As related above, this species makes clusters of small, delicately 
formed mud cells against flat walls. The cells measure but a half-inch 
in length, and are only one-eighth inch wide. This means that both 
the occupants and the prey in such a tiny domicile must themselves be 
very small. The clusters of cells are finally daubed all over with mud, 
so their graceful contours are obliterated. 

Two of these nests were found on the walls of a culvert near Acapulco; 
they had about twenty cells in each. From these, six adults emerged 
between July 20 and 30. The abandoned cells of this wasp have been 
used by the aphid wasp, P. pusillus, as recorded above. 







Trypoxylon tenoctitlan Richards [K. V. Krombein] 


Many wasps of this species were nesting in the bamboo poles of a 
hut near Mexcala, Gro., on July 11. 








Trypoxylon, near nitidum Sm. [K. V. Krombein] 


An old paper nest of Polistes instabilis taken near Acapulco, Gro., 
had two cells resealed with mud. A dead wasp of this species was 
found in each of these cells. 







Trypoxylon salti Richards [K. V. Krombein]| 


One adult emerged from a nest of Sceliphron assimile in July. The 
nest was taken at Tamazunchale, S. L. P. 







Trypoxylon mexicanum Sauss. [K. V. Krombein] 


May I add to the notes already published (loc. cit., p. 592) that their 
date of emergence is between July 15 and 25; a dozen wasps emerged 
at that time from nests collected at Jacala, Hdgo. 

At the same time, I saw a mother 7. mexicanum storing spiders in 
another nest. From two and one-half cells I removed the following 
spiders: 5 females of Eustala anastera Walck. [E. B. Bryant] and 5 
females and 18 immature individuals of Neoscona orizabensis Cambridge 
[E. B. Bryant]. 
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Trypoxylon texense Sauss. [K. V. Krombein] 


In addition to the locality records already published (loc. cit., p. 
592), nests of Sceliphron sp. taken at Santa Engracia, Tamps., and at 
Mission and Rio Grande City, Texas, harbored T. texense. Many adults 
emerged between July 5 and 20. At Rio Grande City a mother was 
seen carrying spiders to the nest; these were four males of Ashya minuta 
Cambridge [E. B. Bryant] and several immature Misumenops sp. 
[E. B. Bryant]. 


Trypoxylon sp., near palliditarsus Sauss. [K. V. Krombein] 
Figures b-e 


This species is the largest Trypoxlyon that I have ever seen. Dr. 
Krombein says that it belongs to the politum (=albitarse) group, and is 
probably a new species, close to palliditarsus but quite distinct from it. 
It was found in only one place in our Mexico collecting. 

Some mud-wasps make their pipe-organ nests with great precision 
and neatness (i. e., 7. politum at a in Plate I; approximately natural 
size*), but these make them large, rough and coarse, as may be seen in 
figs. b, c, dand e. The unit of mud used in the construction seems almost 
too large to be carried by the mouth; one wonders if the legs are brought 
into use in the transporting of it. Most of the nests comprised three 
to five tiers of cells, or parallel ‘‘pipes,’’ although one had only one tier 
when found. The pipes (fig. c) were from two to six inches in length and 
were partitioned with mud, each making from one to five cells of an inch 
to an inch and a quarter in length and three-fourths to an inch in width 
(fig. e). The thickness of the walls varied from one-half to three-fourths 
inch. The nests, found in a culvert under the highway between Chil- 
panzingo (which, incidentally, is Aztec for ‘‘wasp’s nest”’) and Ocolito, 
Gro., gave forth their adults in early August. An effort was made to 
locate other nests in the vicinity, but none were found. 

The cocoons are rough, brown and brittle, and resemble very much 
(except in size) those of P. politum (=albitarse). It is probably 
made from the accumulated excrement that passes from the body when 
the larva has finished feeding. In several cells were large, dead spiders. 

From one of the cells a bee, Hylaeus sp. [K. V. Krombein] emerged 
on July 20. This bee probably uses the cells only for a nesting place 
and is not parasitic. However, two species of parasites did emerge from 
the cocoons in early August, a dipterous parasite Epogostylum oedipus 
F. [C. T. Greene] and a Chalcid wasp, Monodontomerus montivagus Ash. 
[A. B. Gahan]. 


8The nest of 7. politum was included for comparison. 





EXPLANATION OF PLATE 


a, Nest of Trypoxylon politum of Missouri, placed in plate for comparison. 
Approximately natural size. b and d, the outside of nests of T. sp. near pallidi- 
tarsus, showing the rough layers of mud and the holes made by emerging adults. 
Approximately natural size. c and e, the under side of nests of T. sp. near pallidi- 
tarsus; c, the gallery before partitions are made, and e, a gallery with three cells. 
Approximately natural size. 


Mexican Wasps 
Phil Rau 
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PARASITES 


Exoprosopa capucina F. (C. T. Greene] 


One fly (Bombyliidae) emerged, July 20, from a nest of Sceliphron 
assimile taken at Jacala, Hdgo. It appears that there may be more 
than one generation a year of this fly, since previously (loc. cit., p. 595) 
they emerged from similar nests in May and June. 


Senotainia sp. [D. G. Hall] 


Two flies of this species (Sarcophagidae) emerged on August 25 
from nests of Sceliphron sp. taken at Devine, Texas, and two others 
emerged on July 28 and 30 from nests of S. assimile taken at 
Hidalgo, Hdgo. 


Leucospis sp. [A. B. Gahan] 


A dead specimen of this hymenopteron was taken from a mud nest 
at Acapulco, Gro. 


Chrysis (Trichrysis) parvula F. [K. V. Krombein] 


One cuckoo wasp emerged on July 30 from a nest of S. assimile 
taken at Hidalgo, Hdgo. 


Chrysis (Tetrachrysis) sp. [K. V. Krombein] 


Two cuckoo wasps emerged in mid-July from Sceliphron nests taken 
at Acapulco, Gro. and Victoria, Tamps., and one emerged from a mud- 
capped cell (probably a Trypoxylon cell) in a Polistes nest taken at 
Mexcala. 


Macrosiagon sp., probably excavatum Champion [H. S. Barber] 


Mud nests were collected in several places in Mexico, and the lot 
from each locality was placed in separate cloth bags. When examining 
the contents of the bags after returning home, I found in one bag 
labeled Santa Engracia, Tamps., eight dead individuals of this parasitic 
beetle that had emerged from mud nests en route, and a live one in 
one of the cells ready to emerge. 

These beetles are members of the family Rhipiphoridae, whose 
members are parasitic on wasps, but whose life history is still for the 
most part unknown. There is no doubt that the beetles spend their 
immature life within the mud cells, but whether they are parasitic on 
Sceliphron assimile, Chalybion zimmermanni, Trypoxylon texense (all 
three of which emerged from these mud nests), or on the spider prey 
within thé cells, is not known. Imms (Textbook of Entomology, p. 
499, 1925) says that one species of Rhipiphoridae, Metoecus paradoxus, 
is a parasite in the nest of the social wasp Vespa vulgaris, and members 
of the genus Emenadia utilize Odynerus wasps as hosts, while Fabre 
found the larvae and pupae of another Rhipiphorid (Sharp, Insects, 
Pt. II, p. 269, 1899) in the cells of the solitary bee, Halictus sexinctus. 
The most remarkable of the Rhipiphoridae, according to Sharp, is 
Symbius blattarium, which is parasitic on cockroaches. 
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It seems to me that anyone working in the vicinity of Santa Engracia 
should make an effort to study the early life history of this beetle in the 
nests of mud wasps, for it is not known just how the parasitism takes 
place. Sharp says (loc. cit., p. 208) apparently the eggs are not deposited 
in the nests of the wasps, but in old wood; the young larva is a tri- 
ungulin, similar to that of the Cantharidae, and it is possible that when 
the wasp visits the old wood haunted by the larvae, some of them attach 
themselves to it and are carried to the wasp’s nest. It seems that the 
life history could easily be worked out in the laboratory if a supply of 
live beetles could be obtained, for the hosts—the wasp larvae—are 
easily obtained in any season. 


LIST OF PAPERS ON MEXICAN INSECTS 
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Soc. Amer., 33: 81-93, 1940. 

The mud-daubing wasps of Mexico and their parasites. Jbid., 33: 590-595, 
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Polistes wasps. Ibid., 34: 355-366, 1941. 

The monarch butterfly, Danaus plexippus, in Mexico. To appear in Ento- 
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The nesting habits of the Mexican bumblebee, Bombus medius. Psyche, 
48: 166-169, 1941. 

Clouds of butterflies in Mexico; a study in butterfly aggregations. Ent. 
News, 53: 121-126, 151-155, 181-184, 1942. 

The nesting habits of Mexican social and solitary wasps of the Family 

Vespidae. Ann. Ent. Soc. Amer., 36: 515-536, 1943. 

Notes on the nesting habits of certain social and solitary bees of Mexico. 

Ann. Ent. Soc. Amer., 36: 641-646, 1943. 
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THE AMATEUR SCIENTIST, by W. SrepHEN THoMas. Pages 291, 5% x 8 
inches, illustrated. Published by W. W. Norton anp Co., INc., New York, 
N. Y. 1942. Price, $3.00. 


The author of this book is Executive Secretary of the Committee on Education 
and Participation in Science, which for the past two and a half years has been 
studying amateur science in the Philadelphia area. The book deals with the data 
obtained by this committee, and the conclusions to be drawn therefrom. 

There are thousands of people in the country who are studying some phase of 
science as a hobby, and it is this group which the author describes—their normal 
occupations, their reasons for pursuing their hobby, their organizations, the 
ee on which they work, and their relationships to the professional scientist. 

any scientific fields, including entomology, are represented in the interests of 
this group. The amateur scientists serve as a link between the professional 
scientist and the general public, and the work of the individual amateur or of his 
organization often contributes materially to the advancement of scientific knowl- 
edge. Four sample programs for amateur research in the Philadelphia area are 
described in some detail, including one on marking and tagging various animals 
other than birds. 

This book will probably open the eyes of some entomologists to the scope of 
amateur participation in science. Entomology would certamly profit by ento- 
mologists encouraging the study of insects by interested amateurs. 

This book is well written and interesting. It is one we would recommend 
as an excellent gift for a scientist friend.—D. J. B. 








A NEW GENUS, ARTUCEPHALUS, AND A NEW SPECIES 
OF MEXICAN LEAFHOPPER 


(Homoptera, Cicadellidae) 


DWIGHT M. DELONG, 


Ohio State University, 
Columbus, Ohio 


Among other forms of leafhoppers taken in the State of Guerrero, 
Mexico, this is one of the interesting species which superficially resem- 
bles some of the southwestern leafhoppers, but which apparently belongs 
to an entirely different genus. 


Genus Artucephalus nov. 


Probably allied to Aligia. The vertex is very short, slightly pro- 
duced, broadly rounded, almost parallel-margined, more than twice as 
wide between eyes at base as median length and with a sharp margin 
and angled with the front. The whole insect appears broad and wedge- 
shaped. The face is broad, almost straight from apex of vertex to 
clypeus. Elytra with only one regular cross vein in the second sector, 
but with supernumerary cross veinlets near the base. Middle portion 
of clavus with supernumerary cross veins. Several costal veinlets are 
present, especially in the region of the first anteapical cell. Genotype, 
Artucephalus fasciatus, n. sp. 


Artucephalus fasciatus new species 


In general appearance resembling a banded species of Aligia, but 
with a distinct vertex and male genitalia. Length 6 mm. 


Vertex short and broad, only slightly produced and broadly 
rounded, almost parallel-margined, more than twice as wide between 
eyes at base as median length. The margin angled with the front. 


Color.—Vertex yellow tinged with orange, a round black spot 
next to each eye, just above ocellus. A pair of elongated spots 
beneath margin at apex, just visible from above, and another elon- 
gated spot on each side between these and ocellus. Pronotum 
orange to brown, the posterior margin broadly white. Scutellum 
orange brown, a yellow margin on sides of apical angle. Elytra 
appearing dark brown, paler at base, and with a broad conspicuous 
white transverse band across middle. Several white spots along 
apical costal area and at base of apical cells. 

Genitalia.—Male plates rather narrow, triangular, distinctly 
exceeded both laterally and apically by the pygofer. Style long and 
slender, almost as long as plate, apical sixth bent slightly outwardly. 
The aedeagus is erect and Y-shaped, the basal branch of the ‘‘Y’’ is 
decidedly shorter than the caudal branch. In ventro-caudal view 
the basal branch is wide and the caudal branch is much narrower and 
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cleft. The pygofer spines are unique, being large, thick, almost 
plumose, arising on the inner margin near the base and extending more 
than two-thirds the length of the pygofer. 


FASCIATUS 


FASCIATUS 


FASCIATUS 


Ficure 1. Artucephalus fasciatus, n. sp. Lateral and dorsal views of head, 
pronotum, and scutellum (upper figures); and lateral view of male genital 
structures (lower figure). 


Holotype male and paratype males from Iguala, Guerrero, Mexico, 
elevation 2398 ft., collected September 11, 1939, and October 25, 1941, 
by Dr. C. C. Plummer, E. E. Good and the author. Type material in 
the author’s collection. 


STUDIES ON HOST PLANTS OF THE LEAFHOPPERS OF THE GENUS 

- EMPOASCA, by F. W. Poos anp Nancy H. WHEELER. Tech. Bul. No. 850, 

U.S. D. A., May, 1943, 51 pp., 21 figs. 

The actual and potential importance of empoascan species from the economic 
standpoint is emphasized in these studies by the wide variety and large number 
of host plants from which many species were reared. The indiscriminate Empoasca 
fabae (Harris) was reared from no less than 108 host plants. Approximately 
50,000 male specimens of Empoasca were identified specifically but the females 
remained anonymous.—Dorotny J. KNULL. 








ON THE CLASSIFICATION OF NEOTROPICAL 
MEGACHILE 


(Hymenoptera: Megachilidae)! 


THEODORE B. MITCHELL, 


University of North Carolina, 
Raleigh, N. C. 


After completing the publication of the Revision of Nearctic 
Megachile? in 1937, it was intended to continue the taxonomic investi- 
gation of this group of bees with a similar study of the Neotropical 
species. Although a considerable amount of material has been accumu- 
lated and some progress made in the study of the characters of the 
Neotropical species, a number of factors have made it seem inadvisable 
until now to publish any of the results. 


The problem of determination of species is a very difficult one in 
this group of insects. A large number of species inhabit the region, 
and many of them look much alike superficially. Many of the descrip- 
tions stress these more superficial features and fail to mention the more 
reliable structural characters that are essential to their recognition. As 
a consequence, the positive identification of a large proportion of the 
species by the existing keys and descriptions is impossible. The types 
are widely scattered over the world, with important collections located 
in London, Berlin and Paris, in addition to those in North and South 
America. Until these type collections have been studied, particularly 
those including the types of the earlier described species, the majority 
of which are in Europe, the difficulties of specific determination 
will remain. 


Another inherent difficulty in the study of this group is the marked 
sexual dimorphism characteristic of most of the species. This has 
resulted in the application of separate names to the two sexes of a 
large proportion of the species; or where two sexes have been described 
under one name, they have been mismatched in many cases. 


Most of the species included in the material at hand, many of which 
apparently are in need of description, have been arranged in a scheme 
of classification comparable to that of the Nearctic species. It is the 
purpose of this paper to present this classification, incomplete as it is, 
in the belief that the characteristics and relationships of many of the 
inadequately described species will be made more clear through the 
assistance of systematists in other parts of the world who have access 
to type collections. 


1Research Contribution No. 17, published with the aid of the State College 
Research Fund, Department of Zoology and Entomology, North Carolina State 
College of Agriculture and Engineering of the University of North Carolina. 

2A Revision of the Genus Megachile in the Nearctic Region, Parts I-VIII, 
Trans. Am. Ent. Soc., 59: 295-361 (1934); 61: 1-44, 155-205 (1935); 62: 117-166 
(1936); 62: 323-382 (1936); 63: 45-83, 175-206, 381-426 (1937). 
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A number of subgeneric groups which include species inhabiting the 
Neotropical region have already been proposed. These include three 
Old World groups, Eutricharaea Thomson (p. 671), Archimegachile 
Alfken (p. 671) and Gronoceras Cockerell (p. 671); and four Nearctic 
groups, Litomegachile Mitchell (p. 662), Anthemois Robertson (p. 662), 
Xanthosarus Robertson (p. 662), and Xeromegachile Mitchell (p. 662). 
Each of these groups is represented in the Neotropical region by only 
one or two or three species. Of those representing the Old World 
groups, it seems evident that they were introduced after the discovery 
of America and that they do not represent normal elements in the 
fauna, although some of them seem to be quite successful and well 
established in the islands of the West Indies. The Nearctic species 
evidently represent southward dispersals from the centers of origin in 
North America, which have been accompanied by a slight degree 
of speciation. 

Several subgenera have been proposed for groups which have their 
centers of origin in South America, but which have a limited repre- 
sentation in North America. These were all proposed in the Revision 
of the Nearctic species and include Leptorachis (p. 663), Pseudocentron 
(p. 663), Acentron, Melanosarus (p. 663), Cressoniella and Neomegachile 
(p. 662) Mitchell. Here again natural dispersal seems to be the explana- 
tion of their presence in North America, and the process of speciation 
is quite evident, most of the North American species being quite distinct 
from any of the numerous Neotropical representatives that have been 
seen. Argyropile Mitchell (p. 663) shows some evidence of relationship 
to certain of these groups and is represented by species in both regions, 
but it is better represented in the United States than in Mexico, and no 
material from south of Mexico has so far been received. 


Two other groups, Sayapis Titus and Chleostomoides Robertson 
(p. 664), are abundantly represented in both regions, and it remains to be 
seen in which of the two their respective centers of origin lie. 


Somewhat over half of all of the Neotropical species of Megachile 
that have been examined can be placed with a reasonable degree of 
assurance in ene or another of these previously proposed subgeneric 
groups. This leaves a considerable number, however, that do not 
belong in any recognized group of this rank, hence a number of addi- 
tional subgenera are proposed here to include a portion of these species. 
It is not possible at the present time to bring this classification near 
enough to completion to include all of the known Neotropical species, 
even of those that have been studied. Both sexes are necessary to 
characterize these subgeneric groups, and because of the rather extreme 
sexual dimorphism, the appearance of one sex is of little value in deter- 
mining the characteristics of the other. However, among the reason- 
ably well known species in which both sexes are known, it is possible to 
recognize five additional groups. The genotype of each one of these 
new subgenera will be described in some detail, especially stressing the 
structural features, but largely omitting details regarding the punctura- 
tion and the color patterns of pubescence or integument. These latter 
characters are often useful in specific distinctions, but are not ordinarily 
of much significance in the distinctions between subgenera. 
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KEY TO SUBGENERA OF NEOTROPICAL MEGACHILE 


FEMALES 
Sixth sternum either with a bare apical lip projecting beyond or above a 
subapical fringe of short hairs, or with center of the disc bare (figs. 18-20). .2 
Sixth sternum without a bare apical lip, and with the disc largely covered 


SIEGE SODORE TREEE, E MORMG DRURY CR, EID osc o's cco cccisdensceaceseecpess 7 
Mandibles 5-dentate, with a long bevelled cutting edge between the second 
Ol Sees BOO Clee, BD) 0 GG nn on ccc sc ce sec cvcccvesscgas Melanosarus 
Mandibles usually 4-dentate; cutting edges between second and third 
ee NE I 6 a iii ow eis nedine ob weer ger atacebgeneee’ 3 
Sixth sternum without a bare lip projecting beyond the fringe, the fringe 
being quite apical in position ig RR Re ke ie eee 4 


Sixth sternum with a bare rim or ridge extending beyond the subapical fringe, 5 
Third mandibular tooth broadly truncate, the inner angle acute, a long 
bevelled cutting edge between these, but none between the second and 
third (fig. 1); clypeus usually quite flat (p. 663).............. Leptorachis 
Third mandibular tooth obtusely angular, the inner angle or tooth truncate, 
inconspicuous cutting edges between the second, third and fourth teeth 
(fig. 6); clypeus usually with a flattened median elevation (p. 666), 
Austromegachile 
Apical rim of sixth sternum reflexed upward; bevelled cutting edge between 
second and third teeth much shorter and narrower than between third 
IT Ge Cha esr bas oh nee sndnad Seen seared Argyropile 
Apical tim of sixth sternum not reflemed... .....cccsccccccccesssecenesvocs 6 
Mandibles with distinct cutting edges between second and third and 


between third and fourth teeth (fig. 4) (p. 663)........... Pseudocentron 
Mandibles with only one cutting edge and that between the third and fourth 
Nae vist sera es 6a nko sh oko oare cieniad sleserees Acentron 
Mandibles without bevelled wats edges that occupy the intervals between 
Gatinct eowuiate teeth (008. TB-1D) «oc esos cssevccccvevencecsviessn 8 
Mandibles with a definite bevelled cutting edge which may be more or less 
I ook 5 do keke 's Farah oh Secbc Ne kban Cet eELS. 13 
Form broad; abdomen cordate or ovoid; sixth tergum more nearly 
CIE SIN 55 oc oly kes G's pnw os eeu ARRAN Was NEMEC Kee ea 9 
Form narrow and elongate; abdomen parallel-sided; sixth tergum more 
Ey UN REIN, oss Soc cesacecenw sds s054h 60 0q5s ce 6u06 cxeks 12 
Very large and robust (20 mm.); clypeus with a median elevated ridge 
ee ee Oe) a ee ener Gronoceras 
Much smaller (12-14 mm.); clypeus not ridged. ............ 0c cece eee eees 10 
Sixth tergum distinctly concave, without conspicuous erect pubescence 
SG ON NS SR a ois oid oS rcs bse cdveeivene ee Anthemois (part) 
Sixth tergum nearly or quite straight in profile, with abundant erect 
IID 5 6.5 a.0'sd paen conned hoes ated beabies bess earn seeheneeankes 11 


Larger (12 mm. or more); vertex and mesonotum with copious and rather 
long pubescence; —— usually yellowish, the nervures and stigma pale 
eo Se eT ere ee Chrysosarus 
Smaller (10 mm. or less); vertex and mesonotum with thin and short 
pubescence; wings more nearly hyaline, with fuscous or black stigma and 
I OU 5 vars os cha cesieanaevaceken toaceie ted Dactylomegachile 
Basal grooves of second and third terga more densely tomentose than the 
discs of those segments; sixth tergum with a subapical groove (p. 664), 


Chelostomoides 
Basal grooves of second and third terga not conspicuously tomentose; sixth 
SN NG I BEE soos 6s cacesnssonrcnes veer Archimegachile 


Mandibles with a distinct bevelled cutting edge between the second and 
third teeth, but none between the third and fourth (fig. 11); sixth tergum 
usually more nearly vertical, with the apical rim to some degree upturned 


DS PIC ns GhiUS Ck ialy id bb Sse owe ESAS ORK. s MAUR Sas SATS Sayapis 
Mandibles with at least a small bevelled cutting edge between the third and 
fourth teeth; sixth tergum more nearly horizontal and straight.......... 14 


Mandibles 5-dentate, a deep emargination, occupied by a cutting edge, 
between the third and fourth teeth, the inner angle bidentate (fig. 8) (p. 
_. SOARES AR rire rer ere rere Xanthosarus 
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Mesosternum and second abdominal sternum with a dense covering of fine 
plumose hairs, sharply differentiated from the other scopal hairs (p. 667), 


Scopa and pubescence of mesosternum ordinary 

Abdominal sterna with entire and conspicuous white apical fasciae beneath 
the scopa (p. 671) Eutricharaea 

Abdominal sterna with the fasciae interrupted medially or absent 

Innermost mandibular tooth or angle acute, the mandible distinctly 4-den- 
tate (fig. 10); pubescence rather long and erect 

Innermost mandibular tooth truncate, or slightly incised, the mandible 
being thus obscurely 5-dentate; pubescence shorter 

Pubescence so long and dense as to obscure the surface, though not com- 
pletely hiding it (p. 669) Dasymegachile 

Pubescence shorter, not nearly hiding the surface 19 

Sixth tergum straight in profile; second tooth of mandible rounded; man- 
dibles usually with no cutting edge between the second and third teeth 
(p. 662) Xeromegachile 

Sixth tergum usually concave in profile; mandibles with a small bevelled 
cutting edge between the second and third teeth, the second tooth acute 
(p. 662) Litomegachile 

Third mandibular tooth very broad and low, forming a broadly obtuse 
angle (fig. 6); median portion of clypeus elevated and flattened, the 
apical margin of this part shallowly incurved (p. 666)... .Austromegachile 

Third mandibular tooth shorter and more acute (figs. 5 and 7); clypeus more 
nearly flat or evenly convex from one side to the other 

Smaller (9 mm. or less); sixth tergum with pubescence largely appressed, 
having few if any erect hairs; abdomen more elongate conical (p. 662), 

Neomegachile 

Larger (12 mm. or more); sixth tergum with abundant erect pubescence 

visible in profile; abdomen broader, more nearly cordate (p. 662) Cressoniella 


MALES 


Abdomen terminated by a pair of very long slender and conspicuous spines, 
(p. 671) Gronoceras 
Abdomen with short inconspicuous spines at the tip or none, or with a pair 
of triangular flattened spine-like carinae 
Abdomen with but three exposed sterna (p. 664) 
Abdomen with four sterna at least partially exposed 
Mandibles lacking an inferior projection or tooth 
Mandibles with a definite inferior projection or tooth or angle 
Front coxal spines present 
Front coxal spines absent 
Coxal spines very short and inconspicuous; basal segment of flagellum 
shorter than pedicel, the second nearly three times as long; small slender 
species with the sixth tergum above the carina nearly horizontal (p. 662), 
Neomegachile 
Coxal spines longer; basal segment of flagellum usually longer than pedicel, 
somewhat shorter than second segment; larger species, sixth tergum 
more nearly vertical 
Carina of sixth tergum with a deep rounded emargination; form more broad 
and short (p. 664) Chrysosarus 
Carina of sixth tergum with a very shallow and barely evident emargina- 
tion; elongate, the abdomen narrow and parallel-sided (p. 671), 
Archimegachile 
First and second segments of flagellum subequal; carina of sixth tergum 
deeply emarginate; mandibles 3-dentate; pubescence abundant, long 
and erect (p. 669) Dasymegachile 
First segment of flagellum shorter than second; carina of sixth tergum 
bispinose, or with the emargination very shallow or absent 
Carina of sixth tergum with a pair of acute spines 
Carina of sixth tergum not bispinose, the lateral portions on each side of 
emargination more obtuse, if present 
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9. Larger (12 mm. or more); pubescence erect and rather-long; mandibles 


NS on cana cede aw oth acnk 6 ekoe vhs ee eaaE Cressoniella 

Smaller (about 7 mm.); pubescence very short, appressed; mandibles 
ON iss Giaaca vee weep kde cae enkids Kela¥s Gale ee Ptilosarus 

10. Abdomen broad and short, with very short sterna; sixth tergum entirely 
hidden by the fifth in dorsal view (p. 666)............. Austromegachile 

Abdomen narrow and elongate, the sterna more fully exposed; sixth tergum 
at least partially visible in dorsal view (p. 662).............. Neomegachile 
11. Middle tibia lacking the usual apical spur........ 00. ccsccccceccccccccces 12 
DeaaGie tai. WILD B GISUINEE ANICAL BOUT... ccs cee seveecsccwteve 15 

12. Middle tibia with a spur-like apical projection; mandibles usually (but not 

always) with a median acute angle on the lower margin (p. 663), 

Pseudocentron 

Middle tibia without a spur-like apical projection, though often angulate 
OE SOT. RG AU OE BOOVEY 0 ois 60s 6.ces kee etescbas canes teense ess 13 

13. Middle metatarsi swollen at base, or with a pronounced ventral keel or 
ND NI ia 6.26 5 na Kain bo Wide wow bine Deal viwo ale Xanthosarus (part) 
Middle metatarsi neither swollen, carinate or tuberculate................. 14 

14. Puncturation of thorax above extremely dense, with no shining spaces at all 
evident between punctures (p. 663)... .....ceccsccccccvccccsce Acentron 


Punctures of thorax more definitely separated, shining spaces between the 
punctures evident at least on the mesonotum medially (p. 663), Melanosarus 

15. Carina of sixth tergum conspicuous and entire, with no trace of a median 
Ge bea dak eu see ietee cn Sa ee ORU ESA eA SDE ORs SS 16 
Carina of sixth tergum emarginate medially..............ecccceccccscce: 17 

16. Front tarsi slender and simple, black or fuscous; front coxae pubescent 

anteriorly, without red bristles, the spines short and slender; inferior tooth 

of mandible basal, slender and acute; apical segment of antenna not at all 
dilated, fully three times as long as broad (p. 663)... Argyropile flavihirsuta 

Front tarsi usually dilated, ferruginous or yellowish; front coxae usually 

bare anteriorly, with broad flat conspicuous spines and a patch of red 

bristles at their bases; inferior tooth of mandible usually robust; apical 

segment of antenna usually dilated, about twice as long as broad (p. ,662) 


Xeromegachile 
I dso 50 rnc o5 cds ens vo slec ence nents canbe anne 18 
IOS 00s ck os Sn veo A Ae Rene Sak Leak be OR ROARS eames 19 
18. Apical margin (not carina) of sixth tergum with both acute median teeth 
and conspicuous lateral teeth (p. 663)................. Argyropile (part) 
Apical margin of sixth tergum with barely discernible teeth or none, usually 
wath miitcte lateral teeth GD. GOB)... .6..0 2. ccccccccsesnvnes Leptorachis 
19. Mandibles with a robust inferior basal tooth........... 2.0... 0. eee eee eee 20 
Mandibles with a low median inferior angle in place of the usual tooth (p. 
RRS Ty ee et ARR Ere ee eae ee ere Dactylomegachile 
20. Middle coxae with long slender spines (p. 662)......... Xanthosarus comata 
ee RES ER PT TROT PET TCT OTe eee 21 
21. Front coxal spines reduced to inconspicuous tubercles............ Anthemois 
RG COUNT GUUOR WEEE GVEIOIIE. . 0. once ccccscecnccoeveviovsecnssds 22 
22. Front tarsi usually broadly dilated, ferruginous or yellowish; form more 
I. in Wa Shin 6S. 6 ho'SK Wa 0.b-04 es Eee caps Mp Oeeet Sayapis 
Front tarsi usually simple and dark; form more shortened, the abdomen 
ahs i O55 Aah op eS bie Th PUAN AOE DA RRS eA 23 
23. Morphological apical margin (not carina) of sixth tergum without evident 
IE RENE ii ardis ic he's bw aain.dce. bree ak e's ve Pics Saleh bales «had Eutricharaea 


Apical margin of sixth tergum with distinct teeth (p. 662)... .Litomegachile 





EXPLANATION OF PLATE 


Figs. 1-16, left mandible of female; 17-20, distribution of scopal hairs on sixth 
sternum of female. 1, Leptorachis petulans; 2, Melanosarus xylocopoides; 3, Acentron 
albitarsis; 4, Pseudocentron pruina; 5, Neomegachile chichimeca; 6, Austromegachile 
montezuma; 7, Cressoniella zapoteka; 8, Xanthosarus latimanus; 9, Anthemois monti- 
vaga; 10, Dasymegachile saulcyi; 11, Sayapis pugnata; 12, Archimegachile lanata; 
13, Chelostomoides otomita; 14, Dactylomegachile parsonsiae; 15, Chrysosarus guar- 
anitica; 16, Chelostomoides rugifrons; 17, Chrysosarus guaranitica; 18, Argyropile 
parallela; 19, Leptorachis petulans; 20, Pseudocentron pruina, 
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Subgenus Litomegachile Mitchell 
Litomegachile Mitchell, Trans. Am. Ent. Soc., 59: 301, 1934; ibid., 61: 9, 1935. 


Genotype: Megachile brevis Say. (Orthotype). 

A specimen from Chalanga, Peru, labelled M. buchwaldi (anon.) 
belongs to Litomegachile, and a specimen of M. texana Cresson, a 
Nearctic species, has been recorded from Mexico. 


Subgenus Neomegachile Mitchell 
Neomegachile Mitchell, Trans. Am. Ent. Soc., 59: 302, 1934; zbid., 61: 38, 1935. 


Genotype: Megachile chichimeca Cresson. (Orthotype). 

This group, in addition to the type species, includes M. alta Mitchell, 
M. stomatura Cockerell and M. uniformis Mitchell. All of these are 
primarily Neotropical, chichimeca being the only one so far recorded 
from the United States. M. aegra Mitchell evidently is the male 
of chichimeca. 


Subgenus Cressoniella Mitchell 
Cressoniella Mitchell, Trans. Am. Ent. Soc., 59: 302, 1934; ibid., 61: 42, 1935. 


Genotype: Megachile zapoteca Cresson. (Orthotype). 

This entire group is Neotropical, although the range of zapoteca 
extends into the United States. The following species are included: 
M. arcus Mitchell, M. boliviensis Friese, M. redondensis Mitchell, 
M. euceliae Cockerell and M. grandibarbis Perez. This is probably a 
very incomplete list. 


Subgenus Anthemois Robertson 

Megachile (subgenus) Friese, Die Bienen Europa’s, Th. 5, p. 35, 1899. 
Anthemois Robertson, Trans. Am. Ent. Soc., 29: 168, 1903. Mitchell, Trans. 

Am. Ent. Soc., 59: 300, 1934; ibid., 61: 155, 1935. 
Cyphopyga Robertson, Trans. Am. Ent. Soc., 29: 169, 1903. 
Megachile (s. str.) Robertson, Ent. News, 35: 374, 1924. 

Genotype: Megachile centuncularis Linnaeus (=infragilis Cresson). 
(Orthotype). 

Anthemois is represented in Mexico by montivaga Cresson which has 
been collected at Guadalajara. How much farther south it extends is 
not known. 


Subgenus Xanthosarus Robertson 


Xanthosarus Robertson, Trans. Am. Ent. Soc., 29: 172, 1903. Mitchell, Trans. 
Am. Ent. Soc., 59: 300, 1934; zbid., 62: 120, 1936. 
Genotype: Megachile latimanus Say. (Orthotype). 
Two species of Xanthosarus are included in the Mexican fauna, 
comata Cresson and cochisiana Mitchell. 


Subgenus Xeromegachile Mitchell 
Xeromegachile Mitchell, Trans. Am. Ent. Soc., 59: 302, 1934; ibid., 62: 325, 1937. 
Genotype: Megachile integra Cresson. (Orthotype). 
Two species belonging in this subgenus have been recorded from 
Mexico, instita Mitchell, described from the United States, and boharti 
Mitchell, described from Mexico and not known to occur north of the 
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Mexican border. Over forty species have been described from the 
United States and Canada. 


Subgenus Argyropile Mitchell 
Argyropile Mitchell, Trans. Am. Ent. Soc., 59: 302, 1934; zbid., 63: 46, 1937. 


Genotype: Megachile parallela Smith. (Orthotype). 

Both M. parallela Smith and M. townsendiana Cockerell, which are 
chiefly Nearctic, are known to occur in Mexico, and in addition, M. 
flavihirsuta Mitchell was described from Mexico. 


Subgenus Acentron Mitchell 
Acentron Mitchell, Trans. Am. Ent. Soc., 59: 303, 1934; ibid., 63: 74, 1937. 


Genotype: Megachile albitarsis Cresson. (Orthotype). 

Other species included in this subgenus are as follows: M. bernardina 
Schrottky, M. candida Smith, M. candidella Mitchell, M. civilis 
Mitchell, M. lentifera Vachal (=limae Schrottky, =morosa Mitchell) 
and M. villaricensis Mitchell. 


Subgenus Melanosarus Mitchell 
Melanosarus Mitchell, Trans. Am. Ent. Soc., 59: 303, 1934; cdid., 63: 78, 1937. 


Genotype: Megachile xylocopoides Smith. (Orthotype). 

There are four known species of Melanosarus in the Neotropical 
region, as follows: M. brancoensis Mitchell, M. maura Smith, M. pro- 
serpina Schrottky (=vernoniae Schrottky, =fumicosta Strand) and 
M. sedula Smith. 


Subgenus Leptorachis Mitchell 
Leptorachis Mitchell, Trans. Am. Ent. Soc., 59: 301, 1934; zbid., 63: 58, 1937. 


Genotype: Megachile petulans Cresson. (Orthotype). 

This is one of the most extensive Neotropical groups, and includes 
the following species: M. chrysophila, paraxanthura, and portalis Cock- 
erell; M. curta Cresson; M. schmidti Friese; M. squalens Haliday 
(=apicipennis Schrottky); M. aetheria, ampla, angularis, colombiana, 
continua, emendata, immanis, inconstans, indigopherae, intergradus, 
lorenziensis, numerus, and parata Mitchell; M. anisitsi (=hilarimorpha 
Strand), aureiventris, capra, friesei (=helicitarsis Schrottky), paranen- 
sis (= beniensis Cockerell), and paulistana (= subita Mitchell) Schrottky. 


Subgenus Pseudocentron Mitchell 
Pseudocentron Mitchell, Trans. Am. Ent. Soc., 59: 303, 1934; ibid., 63: 63, 1937. 


Genotype: Megachile pruina Smith. (Orthotype). 

This is the most extensive group of Neotropical species so far rec- 
ognized, thirty or more names having been proposed for species which 
evidently belong in it. The list of species, which is evidently an incom- 
plete one, follows: M. barbadensis, pyrrhogastra, pyrrhotricha, and 
vanduzeet Cockerell; M. azteca Cresson (=rhodopus Cockerell); M. 
bidentata Fabricius (?); M. argentina and burmeisteri Friese; M. binotata 
and poeyi Guerin; M. gomphrenae Holmberg; M. hoffmannseggiae 
Joergensen; M. aurata, aurea, banksi (=abnegata Cockerell), benigna, 
cordovensis (nec. Schrottky), electrum, imperator, inscita, perita, prietana, 
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santaramensis, sterilis, trepida, and velhoensis Mitchell; M. anthidioides 
Radoszkowski; M. beroni, botucatuna (=arabilis Mitchell), jundiana 
(=chapadiana Mitchell), and pocograndensis Schrottky; M. curvipes 
(=fossoris Smith, =/eucocentra Schrottky), decepirix, elongata, and 
pulchra Smith; M. luctifera and pollinosa Spinola; M. asuncicola Strand; 
M. furcata (=aricensis Friese) and vincta Vachal. 


Megachile (Pseudocentron) cordialis new name 
Megachile cordovensis Mitchell (nec. Schrottky), Trans. Am. Ent. Soc., 56: 189, 
1930. 


Subgenus Sayapis Titus 
Gnathocera Provancher (nec. Kirby), Nat. Can., 13: 232, 1882. Provancher, 

Fauna Ent. Can. Hym., p. 716, 1883. 

Megachile Provancher, Add. Fauna Ent. Can. Hym., p. 323, 1888. Dalla Torre, 

Cat. Hym. X, p. 417, 1896. 

Ceratias Robertson (nec. Kroy), Trans. Am. Ent. Soc., 29: 172, 1903. 
Sayapis Titus, Proc. Ent. Soc. Wash., 7: 154, 1905. Mitchell, Trans. Am. Ent. 

Soc., 63: 175, 1937. 

Genotype: Megachile pugnata Say. (Orthotype). 

This group is well represented in both the Nearctic and the Neo- 
tropical regions. The Neotropical species include the following: M. 
assumptionis Schrottky, M. coelioxiformis Schrottky, M. coelioxoides 
Cresson, M. cruziana Mitchell, M. dentipes Vachal, M. howardi Cock- 
erell, M. inimica Cresson, M. mendozana Cockerell, M. pollicaris Say, 
M. ypiranguensis Schrottky and M. zaptlana Cresson. 


Subgenus Chelostomoides Robertson 
Chelostomoides Robertson, Can. Ent., 33: 231, 1901. Robertson, Trans. Am. Ent. 

Soc., 29: 167, 1903. Mitchell, Trans. Am. Ent. Soc., 63: 381, 1937. 
Oligotropus Robertson, Trans. Am. Ent. Soc., 29: 167, 1903. Cockerell, Entomol- 

ogist, 41: 292, 1908. 

Gnathodon Robertson (nec. Oken), Trans. Am. Ent. Soc., 29: 167, 1903. 
Sarogaster Robertson, Ent. News, 29: 92, 1918. 

Genotype: Megachile rugifrons Dalla Torre. (Haplotype). 

In addition to eighteen species known to occur in North America, 
the following are apparently limited to the Neotropical region: M. 
abacula Cresson, M. cartagenensis Mitchell, M. gualanensis Cockerell, 
M. haematoxylonae Mitchell, M. ignacensis Mitchell, M. otomita Cresson 
and M. peruviana Smith. 


Subgenus Chrysosarus, new 


Genotype: Megachile guaranitica Schrottky. 
Wings in both sexes yellowish, with pale yellowish-ferruginous 
nervures. 

Male.—Head about as broad as thorax, broader than long; eyes 
very slightly convergent below; clypeus densely pubescent, apical 
margin straight except for some small median crenulations; mandibles 
3-dentate, the lower margin straight; basal segment of flagellum 
subequal to pedicel, considerably shorter than the second segment, 
that and the following segments about twice as long as broad, the 
apical one not dilated; cheeks subequal to eyes in width in lateral 
view; vertex nearly flat, hind margin very slightly incurved, the 
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lateral ocelli about as near to the eyes as to the edge of the vertex; 
front coxae with short but distinct spines, quite densely pubescent 
anteriorly and thus without specialized setae; front tarsi somewhat 
dilated and flattened, but not at all excavated anteriorly, the meta- 
tarsi much shorter and narrower than their tibiae, the anterior apex 
somewhat produced; second segment of metatarsus about as broad 
as the metatarsus and about two-thirds as long, the following seg- 
ments successively shorter and narrower, segments 1-4 with a dense 
posterior fringe; middle and hind metatarsi quite short and narrow, 
prominently fringed; middle tibia with the usual apical spur;claws 
deeply cleft; abdomen parallel-sided, carina of sixth tergum prominent 
and rather narrow, with a deep semicircular median emargination, 
the resulting two teeth acute; median carinate teeth of the apical 
margin of the sixth tergum very low, much nearer the minute and 
acute lateral teeth than to each other; four sternal plates exposed; 
fifth presternite extensive, almost linear in the narrow median area, 
but the large lateral areas occupying most of the plate, the meda- 
sternite broad and very short except in the center, the setae simple, 
rather short and sparse, but a dense tuft occupies the basal middle, 
the poststernal strip very broadly incurved, the medasternal setae 
extending onto its lateral portions; lateral portions of sixth pre- 
sternite rather elongate, not clearly differentiated from the median 
part of the plate, with short hair-like setae along apical margin, the 
medasternal areas obscure, apparently represented by a slender 
bow-shaped sclerotized ridge, with no setae visible, the poststernal 
lobe broad and short, with a small median apical angle, the lateral 
angle produced into ear-like lobes; eighth sternum slightly expanded 
along apical margin; stipites of genital armature quite slender, the 
apex only slightly recurved and dilated, with a few very short apical 
setae, a dorsal groove forming a triangular lobe just above the base, 
sagittae quite straight, slightly exceeding the stipites in length, 
volsellae robust, acutely triangular apically. 

Female.—Head subequal to thorax in width, broader than long, 
eyes slightly convergent below; clypeus slightly convex, the apical 
margin nearly straight, more or less denticulate; mandibles obscurely 
5-dentate, having closely approximated apical and subapical teeth, 
an acute median tooth, and an obscure one between this and the inner 
angle, without any bevelled cutting edges, first segment of labial 
palpus longer than the second, the ratio about 4 : 3; cheeks slightly 
narrower than eyes in lateral view; vertex flat; lateral ocelli sub- 
equally distant from eyes and edge of vertex, distance between them 
slightly greater; front metatarsi short and rather slender, middle 
metatarsi much shorter and slightly narrower than their tibiae, hind 
metatarsi subequal in breadth to their tibiae, but much shorter; 
claws with small but sharp basal teeth; tip of front wings about 
attaining the tip of the abdomen; abdomen cordate, the apical tergum 
straight in profile, the apical sternum without a bare apical lip, well 
covered over basal half with scopal hairs, the more apical portion 
more thinly covered; pubescence dense and moderately long and 
erect on thorax, short and more or less appressed on abdomen dor- 
sally, rather long, thin and erect over most of head, a dense semi- 
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circular tuft partially encircling the anterior ocellus and hiding the 
lateral ocelli in anterior view, and the posterior margin of the vertex 
with a dense erect fringe. 


In addition to the type species, guaranitica Schrottky, the following 
belong in this group: M. atricoma Vachal, M. ivonensis Cockerell, M. 
collaris Friese, and M. contemptus, tapytensis, congruens (nec Friese), 
aequalis, bella, turpis, and diversa Mitchell. Moure suspects (in cor- 
respondence) that bella represents the true male of guaranitica. Appar- 
ently there is some variability in the color of pubescence in guaranitica, 
which has resulted in some confusion, but it is the only species in this 
group in which the sexes have been correlated, hence it is made the 


genotype. 


Megachile (Chrysosarus) congruata new name 
Megachile congruens Mitchell (nec. Friese), Trans. Am. Ent. Soc., 56: 248, 1930. 


The name congruens is preoccupied, having been proposed by Friese 
(1903) for an Ethiopian species. 


Subgenus Austromegachile, new 


Genotype: Megachile montezuma Cresson. 


Male.—Head as broad as thorax, broader than long; eyes con- 
vergent below; apical margin of clypeus with a small and shallow 
median emargination; mandibles 3-dentate, the lower margin straight; 
basal segment of flagellum subequal to pedicel, the second segment 
more than twice as long, it and the following segments more than 
twice as long as broad, the apical segment not dilated; cheeks subequal 
to eyes in width in lateral view; the vertex nearly flat, hind margin 
incurved, the lateral ocelli slightly nearer its edge than to the eyes; 
front coxae densely pubescent, with neither spines nor specialized 
setae; front femora very slender, but the tibiae robust and broadly 
dilated, being hardly twice as long as broad, the inner surface broad 
and flat, bare and highly polished; front tarsi in contrast exception- 
ally short and slender; middle legs slender, the metatarsi flattened, 
but narrower and much shorter than their tibiae; hind metatarsi 
shorter and narrower than their tibiae, but quite broad and flat, and 
equalling the following segments combined in length; middle tibiae 
with the usual apical spur; tarsal claws deeply cleft; abdomen quite 
short, the apex of the front wings (and rear also) extending consid- 
erably beyond its tip; carina of sixth tergum very low and inconspic- 
uous, with a small median emargination, the apical margin of the 
plate entirely lacking the usual median and lateral teeth; four sternal 
plates exposed; fifth presternite linear medially, broad laterally, the 
medasternite about four times as broad as long, the apical margin 
broadly incurved, the surface hidden by two dense brushes of fine 
simple and rather long setae which are slightly separated along the 
mid line, the poststernal strip inevident; lateral portions of sixth 
presternite subtriangular in outline, the medasternal areas small, 
almost linear, distinctly separated medially, with but a very small 
patch of setae at the inner end of each, these setae fine straight and 
simple and directed toward the base of the plate, the poststernal 
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lobe very short, broadly rounded on each side, without lateral angles; 
eighth sternum evenly rounded apically; stipites of genital armature 
slender, strongly arched ventrally, the base of each with a deep dorsal 
groove, the basal margin of which is produced to form a robust 
rounded lobe, apex of stipites recurved, slightly dilated, almost bare; 
sagittae straight, about equalling the stipites in length; volsellae 
robust, triangular. 

Female.—Head above barely equalling the thorax in width, only 
slightly wider than long; eyes convergent below; central area of 
clypeus somewhat elevated and flattened, the apical margin of this 
area incurved; mandibles 4-dentate, the apical and subapical teeth 
small and closely approximated, the third very broad and low, 
forming an obtuse angle, the fourth or inner tooth narrowly truncate, 
the emargination between the third and fourth deep and oblique, 
obscure bevelled cutting edges between the second, third and fourth 
teeth; first and second segments of labial palpi about equal; basal 
segment of flagellum subequal to pedicel, much shorter than the 
second segment, the middle segments almost twice as long as broad; 
cheeks narrower than eyes in lateral view; vertex flat, the lateral 
ocelli much nearer to its posterior margin than to the eyes; front 
metatarsi flattened, but distinctly shorter and narrower than their 
tibiae; middle and hind metatarsi shorter, the middle pair nearly as 
broad, the hind pair fully as broad, as their respective tibiae; claws 
with acute basal teeth; apex of front wings about attaining the tip of 
the abdomen; abdomen conical, the sixth tergum straight in profile, 
the apical sternum largely bare, the scopal hairs limited to the basal 
portion, but there is no bare apical lip; pubescence rather short, but 
dense and erect on thorax, longer on vertex, propodeum and base 
of abdomen, a quite dense fringe between the anterior and lateral 
ocelli, very short and suberect on abdomen dorsally. 


The following species apparently allied to montezuma are included 
in Austromegachile: M. fiebrigi Schrottky, M. trigonaspis Schrottky 
(=egressa Mitchell, according to Moure), M. lamnula Vachal, M. 
lenticula Vachal, M. semota Cockerell, and M. habilis, orbiculata, corona, 
recta, turbulenta, donata, certa, abnormis, and antiqua Mitchell. The 
Proup apparently is limited to the Neotropical region. 


Subgenus Ptilosarus, new 


Genotype: Megachile bertonii Schrottky. 
Small species, with shortened form, the pubescence very short and 
in part appressed. 

Male.—Head broader than thorax, broader than long; eyes very 
slightly convergent below; clypeus bare except for a dense apical 
fringe, the margin beneath the fringe with three small median den- 
ticles; mandibles 3-dentate, lower margin straight and simple; basal 
segment of flagellum subequal to pedicel, the second segment some- 
what longer, median segments nearly twice as long as wide, apical 
segment not dilated; cheeks slightly narrower than eyes in latefal 
view, the posterior margin sharply carinate; vertex slightly convex, 
hind margin very nearly straight; lateral ocelli subequally distant 
from eyes and edge of vertex, but much nearer to each: other; front 





668 Annals Entomological Society of America |Vol. XXXVI, 


coxae pubescent, with neither spines nor setae; all legs slender, the 
metatarsus of each leg no more than half as long or broad as the 
respective tibia; middle tibiae with the usual apical spur; tarsal 
claws cleft; coxae, trochanters, cheeks beneath, and mesosternum 
with fine dense plumose pubescence; abdomen very short, rather 
parallel-sided, the sixth tergum hidden beneath the fifth in dorsal 
view, its surface being vertical in position, the carina reduced to a 
pair of small acute triangular teeth, apical margin of the plate entirely 
lacking teeth; four sternal plates exposed; fifth sternum hidden but 
not appreciably modified, the medasternal area indicated by the 
presence of minute sparse and very short hairlike setae along the 
median apical half of the plate; presternal areas of sixth sternum 
longer than broad, with a small tuft of pubescence apically, the 
medasternal areas obscure, indicated by the presence of a few scat- 
tered minute hairs on median third of plate, the apical margin of this 
area being somewhat produced, the poststernal lobe equalling this 
area in width, quite extensive, the apical margin slightly outcurved, 
the lateral angles rather obtuse; eighth sternum with rounded tip; 
stipites of genital armature slender, flexed ventrally about midway 
to apex with quite long and conspicuous setae along the inner margin 
below the apex and a small apical tuft of shorter setae, the tips only 
slightly reflexed, a deep groove above the base, the basal margin of 
which forms a short acute tubercle; sagittae nearly straight, slightly 
exceeding the stipites in length; volsellae robust, triangular, acute. 
Female.—Head broader than long, as broad as thorax; eyes 
slightly convergent below; clypeus broader than long, moderately and 
evenly convex, the apical margin broadly incurved medially, this 
portion with five or six minute crenulations; mandibles short, dis- 
tinctly 4-dentate, spaces between the second, third and fourth teeth 
occupied by bevelled cutting edges, the apical tooth acute, the sub- 
apical tooth more rounded; first segment of labial palpus longer than 
second, ratio of about 5 :3; cheeks about half as wide as the eyes in 
lateral view, the hind margin with a distinct sharp carina; vertex 
nearly flat, the lateral ocelli slightly nearer edge of vertex than to 
eyes, and slightly nearer each other than to edge of vertex; second 
segment of flagellum very slightly shorter than the first, the median 
segments broader than long; thorax slightly broader than long, fore 
tarsi slender, middle and hind metatarsi subequal in breadth to their 
tibiae, but slightly shorter; claws with sharp basal teeth; front wings 
projecting beyond the tip of the abdomen; abdomen short, cordate, 
the apical tergum straight in profile, the apical sternum without a 
bare apical lip, its surface largely covered with scopal hairs; pubescence 
dorsally very short, subappressed, slightly longer and erect around 
bases of.antennae, lower angle of cheeks, pleura and propodeum, the 
coxae, trochanters, bases of the front and middle femora and the 
mesosternum densely covered with fine, rather short and densely 
plumose pubescence, and a pronounced V-shaped area of the same 
sort at the base of the abdomen, the remainder of the scopa normal. 
The following species allied to bertonii are included in this group: 
M. pilosa Smith, M. microsoma Cockerell, M. aurantipennis Cockerell, 
M. microdontura Cockerell, M. acerba Mitchell, M. cara Mitchell, M. 
bidentis Cockerell and M. pulchriventris Cockerell. 
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Subgenus Dasymegachile, new 


Genotype: Megachile saulcyi Guerin. 
Robust species, with long dense pubescence that usually obscures the 
surface of the integument. 


Male.—Head about equal to thorax in breadth, broader than long; 
eyes slightly convergent below; clypeal margin straight and entire; 
mandibles 3-dentate, lower margin straight (not toothed or angulate) ; 
basal segment of flagellum much longer than pedicel, very slightly 
shorter than the second segment, middle segments about twice as 
long as wide, apical segment not at all dilated; cheeks broader than 
eyes in lateral view; vertex flat, hind margin incurved, the lateral 
ocelli somewhat nearer its edge than to eyes, distance from each 
other about equal to that from eyes; front coxal spines represented by 
obscure tubercles, the coxae pubescent and without specialized setae; 
front metatarsi short slender and simple; middle and hind metatarsi 
shorter and narrower than their tibiae; middle tibial spurs well devel- 
oped; tarsal claws deeply cleft; carina of sixth tergum narrow, prom- 
inent, deeply emarginate, median teeth of apical margin of the 
tergum obscure, nearer to the lateral angles (which lack teeth) than to 
each other; four sternal plates exposed; fifth sternum not highly 
specialized, the presternite broad laterally, much shortened, almost 
linear medially, the medasternite about four or five times as broad 
as it is long, acute laterally, uniformly covered with.fine unspecialized 
setae, the poststernal strip straight and inconspicuous; medasternal 
areas of sixth sternum well separated, densely covered with straight 
and simple setae, broadened at inner end, narrowed toward outer 
end of each area, poststernal lobe broad and very short, the lateral 
angles attenuated; eighth sternum of the usual Megachilid form; 
stipites of genital armature much constricted above base, the inferior 
margin of this constriction produced to form an acute carinate lobe, 
dilated and somewhat compressed above the constriction, the tips 
somewhat expanded and obliquely truncate, with a small tuft of 
short setae; sagittae nearly straight, fully attaining the tips of the 
stipites; volsellae triangularly pointed, small. 

Female.—Head very slightly narrower than thorax, but broader 
than long, eyes only slightly convergent below; clypeus rather flat, 
the apical margin straight; mandibles 4-dentate, a rather long cutting 
edge between the two inner teeth; first and second segments of labial 
palpus about equal in length; cheeks slightly broader than eyes in 
lateral view; vertex rather flat, hind margin incurved, the lateral 
ocelli much nearer edge of vertex than to eyes, about as near each 
other as to eyes; basal segment of flagellum longer than the pedicel 
or the second segment, these subequal, the middle segments very 
slightly longer than broad; length and breadth of thorax subequal; 
front metatarsi robust, but considerably shorter and narrower than 
their tibiae; middle and hind metatarsi nearly as broad as their 
tibiae, but considerably shorter; claws with robust acuté basal teeth; 
wings reaching about to apex of the abdomen; abdomen robust, but 
rather parallel-sided, the apical tergum slightly concave in lateral 
view, the apical sternum well covered with scopal hairs and without a 
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bare apical lip; pubescence long and copious throughout, resulting in 
an appearance like that of Bombus. 

This group seems to be limited to the west slope of the Andes, and 
the only known species occur in Chile, Ecuador and Peru. Included 
are the following: M. semirufa Sichel, M. garleppi Friese, M. piurensis 
Cockerell and the genotype, M. saulcyi Guerin. 


Subgenus Dactylomegachile, new 
Genotype: Megachile parsonsiae Schrottky. 


Male.—Head slightly broader than thorax, broader than long ; 
eyes very slightly convergent below; clypeus densely long pubescent, 
its apical margin with a shallow median emargination; mandibles 
3-dentate, inferior margin with a very low submedian angle or tooth; 
basal segment of flagellum subequal to pedicel, the second segment 
longer, the middle segments twice as long as broad, the apical seg- 
ment not dilated; cheeks very slightly narrower than eyes in lateral 
view; vertex slightly convex, hind margin almost straight; lateral 
ocelli subequally distant from eyes, edge of vertex and from each 
other; front coxae bare anteriorly, each with a small slender spine 
and a few inconspicuous short red bristles; front tarsi flattened, the 
metatarsus and the second segment subequal in length, the second 
slightly broader than the first and about equal to the tibiae in width, 
the third about half as long, and about as broad as long; middle and 
hind legs slender, their metatarsi not much more than half as long 
and broad as their respective tibiae; middle tibia with the usual apical 
spur; tarsal claws cleft; apex of wings reaching slightly beyond tip 
of abdomen; abdomen rather short; sixth tergum hidden by the fifth 
in dorsal view, its surface vertical, the carina broad and short, irreg- 
ularly and coarsely denticulate, with a small and obscure median 
emargination hardly to be distinguished from the lateral crenula- 
tions, the apical margin of the plate with minute and obscure median 
teeth or angles which are much nearer the lateral angles than to each 
other; four sternal plates exposed; lateral portions of fifth presternite 
broad, each with a large patch of simple setae, the median portion 
relatively extensive, the medasternite very short, about four times 
wider than long, the median area and a rather narrow apical strip 
covered with fine long simple setae, poststernal strip slightly expanded 
toward each side, obscure medially; lateral portions of sixth pre- 
sternite about as long as broad, with a quite large tuft of short pubes- 
cence apically, the medasternal areas hardly distinguishable, indicated 
only by a few scattered short and very obscure setae on each side 
of mid line, the apical margin of the median part of the plate with a 
fringe of very fine hairs, the poststernal lobe represented by a pair of 
triangular lobes on each side of center; eighth sternum slightly 
expanded apically; apical half of stipites of genital armature rather 
abruptly flexed ventrally, with a fringe of short hairs from here to 
the tip where there are a few longer hairs, grooved dorsally toward 
the base, the basal margin of the groove forming a quite distinct 
acute tubercle; sagittae straight, reaching about to the tip of the 
stipites; volsellae subtriangular, acute at tip. 

Female—Head about equalling the thorax in width, somewhat 
wider than long; eyes slightly convergent below; clypeus slightly 
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convex, median portion of the apical margin straight; mandibles 
obscurely 5-dentate, the two apical (first and second) teeth approx- 
imate, as also the two inner teeth, the third about median in position, 
the inner teeth low and obscure, and no bevelled cutting edges evi- 
dent; first segment of labial palpus slightly longer than second, ratio 
about 5 :4; basal segment of flagellum subequal to the pedicel, the 
second segment slightly shorter, middle segments about as broad as 
long; cheeks very slightly narrower than eyes in lateral view; vertex 
broadly convex, the hind margin slightly incurved, lateral ocelli 
about as near to each other as to the eyes, but somewhat nearer to 
the edge of the vertex; front metatarsi quite short and slender, middle 
and hind metatarsi shorter and slightly narrower than their respective 
tibiae; basal teeth of claws rather blunt except those of front legs 
which are acute; apex of front wings reaching fully to the tip of the 
abdomen; abdomen narrowly conical, the apical tergum very slightly 
concave in profile, the apical sternum uniformly covered with scopal 
hairs and lacking a bare apical lip; pubescence rather short but erect 
over most of head and thorax; more copious around bases of antennae, 
inner orbits, cheeks below, pleura, and propodeum, extremely short 
but mostly erect on abdomen dorsally, the apical tergum with 
numerous short erect hairs and much appressed tomentum. 
Only two other species, M. vagata Vachal and M. jenseni Friese can 
be associated with the type species, parsonsiae, at present. The group 


appears to center in Argentina, and it seems probable that other species 
in that area will be found to belong here. 


Subgenus Archimegachile Alfken 
Archimegachile Alfken, Konowia, 12: 55, 1933. 


Genotype: Megachile flavipes Spinola. (Orthotype). 

Included in this group are M. lanata Fabricius, M. solitaria Smith 
and M. atriceps Cresson, all recorded from the West Indies. Both 
solitaria and atriceps are probably synonymous with previously described 
Old World species. M. Janata is Oriental in origin. 


Subgenus Eutricharaea Thomson 
Eutricharaea Thomson, Hymen. Scandinav., 2: 228, 1872. Mitchell, Trans. Am. 
Ent. Soc., 63: 416, 1937. 
Paramegachile Friese, Die Bienen Europa’s, V, p. 34, 1899. 

Genotype: Megachile argentata (Fabr.) Spinola. (Orthotype). 

The three following species are recorded from the West Indies: 
M. concinna Smith, M. derelictula Cockerell and M. multidens Fox. It 
seems probable that all three of these names will become synonyms of 
European or other Old World species. 


Subgenus Gronoceras Cockerell 
Gronoceras Cockerell, Ann. Mag. Nat. Hist. (7), 20: 65, 1907. 
Genotype: Gronoceras wellmani Cockerell. (Orthotype). 
G. felina Gerstaecker, an African species, has been collected in 
Jamaica. 
Megachile florensis new name 
ey manaosensis Mitchell (nec. Schrottky), Trans. Am. Ent. Soc., 56: 203, 








LIFE HISTORY OF SCIRTES ORBICULATUS FABIUS 
(Coleoptera: Helodidae)! 


FRED V. BEERBOWER,? 
Kingwood, W. Va. 


In July 1937, some unknown aquatic insect larvae were found in the 
vicinity of the University of Virginia’s Mountain Lake Biological Sta- 
tion, in Giles County, Virginia. On July 31, 1938, additional larvae 
were found, and a culture was established. Throughout August of that 
year weekly collections were made and specimens were added to the 
culture. This work was continued through the summers of 1938, 1939, 
and 1941. Larvae were first collected in the field on July 22 in 1939, and 
on August 1 in 1941. During the four summers observations were 
made on the feeding habits, locomotion, respiration, and ecdyses of the 
larvae, on pupation, and on the activities of the adults. 

These insects were identified from reared adults as Scirtes orbiculatus 
Fabius, of the family Helodidae (=Cyphonidae). The larvae of this 
family of beetles are only poorly known. According to Comstock (1933) 
there are 32 species in this family in our fauna. 


THE HABITAT 


The larvae were found in an artificial pond on the J. K. Kessinger 
farm two miles southwest of Newport, Giles County, Virginia, and 
approximately ten miles south of the Biological Station. A few were 
located in two small lakes on the campus of Virginia Polytechnical 
Institute, Blacksburg. This campus is located some fifteen miles south- 
east of Kessinger’s Pond, and separated from it by two mountain 
ranges. The region is in the southern Alleghanies, where the underlying 
limestone gives rise to numerous water-filled sink-holes. About ten 
such ponds in the vicinity were searched at various times, without dis- 
covery of the insect, either adults or larvae. 

The limited distribution seems rather unique in view of the fact that 
the adults are active flyers and jumpers. Reitter (1909) mentions that 
the adults do not live where they emerge. In fact, sweeping of the 
vegetation on the pond banks by the writer yielded only eight adults. 
Lombardi (1928) records the fact that the Helodidae are not very 
common near Bologna, Italy, where she made collections. While she 


1A thesis submitted in partial fulfillment of the requirements of the degree of 
Master of Science at the University of Virginia. 

2The thanks of the writer are extended to Dr. H. S. Barber, Smithsonian 
Institute, Washington, for final identification of the reared adults; to Dr. R. E. 
Coker, University of North Carolina, and Dr. J. Speed Roberts, University of 
Florida, for their helpful suggestions and guidance; and to Dr. L. M. Peairs, West 
Virginia University, and Dr. A. C. Cole, University of Tennessee, for critically 
reading the manuscript. The writer is particularly indebted to Dr. Ivey F. Lewis, 
Director of the Mountain Lake Biological Station, who placed the splendid facili- 
ties of the Station at his disposal; also for Dr. Lewis’ helpful observations and 
suggestions. 
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found them in great numbers in small, stagnant ponds, other waters 
nearby lacked them completely. 

Kessinger’s Pond is fed by strong cold springs. The settlement 
basin, approximately 90 feet in diameter, is formed by an earthen dam 
some three feet high. The overflow goes into a much larger and per- 
manent pond that reaches a depth of about four and one-half feet. The 
surface is exposed to the sunlight and is shaded only on the east side. 
The banks are overgrown with sawgrass (Cladium jamaicense Crantz) 
and other low-growing hydrophytic plants. There is an extensive 
growth of the common pond lily (Nymphaea advena Ait.) on the western 
side. Drainage is through Spruce Run, the New River, and the 
Kanawha to the Ohio River. Life is abundant in and around the pond. 
The pond community seems well adjusted, after its ten years of existence. 

The larvae were taken with a dip net in the shallow water near shore 
where dead vegetation had fallen into the water. Many were also 
found on floating sticks and boards that had been in the water long 
enough to acquire their own flora. 

Careful observations were made in the native habitat as well as in 
the laboratory. The larvae were observed not far from shore crawling 
along the submerged stems or swimming with many pauses, ventral side 
up, just beneath the surface film. They move from one object to 
another several inches apart without rest. The swimming motion 
includes rapid leg movements and sidewise undulating motion of the 
body. At times the larvae literally walk beneath the film without 
undulation of the body. The larvae of Scirtes tibialis Guerin appar- 
ently have similar habits (Kraatz, 1918). 


DESCRIPTION 


Adult (fig. 1).—Blatchley’s description of the adult (1910, p. 694) 
is as follows: 

“Scirtes Illig. 1807. . . Head deflexed; antennae [11-jointed] 
slender, half as long as body; prosternum short, not prolonged between 
the coxae, which are prominent and contiguous; hind coxae suddenly 
dilated on inner side into small plates; hind femora oval, very much 
enlarged, the tibia with one long and a shorter spur; tarsi with fourth 
joint bilobed, the first joint of the hind ones as long as the other 
joints combined.”’ 

“Scirtes orbiculatus Fab. . . . Broadly oval, sparsely pubescent. 
Black or piceous, shining; elytra with an oblong-oval reddish-yellow 
spot on middle of suture; thorax with sides usually broadly reddish- 
yellow; femora piceous, tibiae, tarsi and antennae paler. Head and 
thorax sparsely, elytra more densely and coarsely punctate. Length 
2.5-3 mm.” 


Larva (figs. 2-14).—The mature larva (fig. 2) measures 5.5-6 mm. in 
length, exclusive of the antennae. The body is dark brown to black in 
color, with light splotches along the faint dorsal median line of the 
thorax. The body is campodeiform, i. e., elongate, sub-cylindrical, 
tapering caudally, and is broadest at the metathorax. The body seg- 
ments are distinct; the body is prominently hirsute, and small tubercles 
support numerous spine-like setae of medium length. The lateral 
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margins of the thorax, especially of the pro- and mesothorax, are flared 
slightly, shield-like, and bear numerous long setae which are nearly as 
long as the segment is broad. The prothorax is nearly twice as broad as 
the mesothorax, which is only a trifle broader than the metathorax. 

The most conspicuous structures of the head capsule (fig. 3) are the 
extraordinarily long, setaceous antennae. They are attached anterior 
and sublateral to the eyes and above the base of the mandibles. The 
antennae average 2.8 mm. in length, which is half the body length; 
sometimes they are nearly as long as the body. Many specimens were 
collected with part of the antennae missing. Each antenna is com- 
posed of three large basal segments and numerous smaller segments, 
totaling perhaps 100 to 115. Kraatz (1918) speaks of 120 to 125 
antennal segments. The small segments bear minute sensory papillae; 
these papillae are irregular in distribution and extend nearly the entire 
course of the antenna. Of the basal segments (fig. 7), the first is half 
the length of the third and is scarcely longer than broad; the third is 
long and slender; the second is small and inconspicuous. A single spine, 
three-fourths as long as the segment, is present on the median anterior 
edge of the third segment; another minute spine is located on the 
ventral, anterior edge; a third small spine is on the lateral and distal 
edge of the third segment. 

The labrum (figs. 3, 5) arises from a very small clypeus; it is broader 
than long, and crescent-shaped on the anterior margin with a spine at 
each point; there are usually four spines on the lateral margins. The 
labium (fig. 6) is not cleft to form a ligula; the labial palpi are simple, 
two-segmented, small, and about as broad as long; the mentum is not 
clearly distinct from the submentum. The distal edge of the labium is 
covered with many small hairs. The maxillae (fig. 4) are fairly well 
developed and bear five-segmented palpi, the joints of which are hairy; 
the palpi project beyond the head. The laciniae bear on the inner 
margins numerous long, stout hairs. This brush-like arrangement 
makes the maxillae quite effective in the active feeding process. The 
mandibles (fig. 8) are fairly well sclerotized and are elongate-triangular, 
with pointed tips and with the inner surface curved or sickle-shaped; 
a molar region with six teeth is located near the base. The mandibles 
have tufts of hair-like spines along the inner surface, while the outer 
margins are rather evenly covered with fine hairs. The hypopharynx is 


EXPLANATION OF PLATE 


Scirtes orbiculatus Fabius. Figure 1. Adult, dorsal view (xX 744). 2. Mature 
larva, dorsal view (X 10). 3. Head of larva, dorsal view (X 30). 4. Left 
maxilla of larva, dorsal view (X35). 5. Labrum of larva, dorsal view (X 40). 
6. Labium of larva, ventral view (X 40). 7. Basal segments of right antenna 
of larva, dorsal view (X 50). 8. Mandibles of larva (X 50). 9. Hind leg of 
larva (X 20). 10. Dorsal view of caudal end of larva showing seventh and eighth 
tergites and doubtful sclerite (ninth pleurite?) (Xx 20). 11. Ventral view of 
caudal end of larva showing seventh, eighth, and ninth sternites, seventh pleurite, 
and retractile rectal gills (X 20). 12. Distal end of tracheal gill showing minute 
tracheoles (greatly magnified). 13. Last dorsal sclerite of larva, with two small 
sclerites of doubtful origin (ventral view) (X 35). 14. View of caudal end of 
larva, posterior view: S=opening of eighth spiracle; A=anal opening; 9S=ninth 
sternite; 8T=eighth tergite; 8P(?) and 9P(?)=possibly eighth and ninth pleurites. 
15. Pupa, dorsal view (X 714). 
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strongly developed and bears five outwardly curving hooks, arranged in 
a circle about a central orifice. 

The legs show all of the usual parts. The three pairs are very 
similar, the posterior pair being slightly larger. Each tarsus bears a 
single curved claw which is used by the larva in clinging to objects. 
There are two minute spines on the claw, arising on opposite sides from 
the middle of the claw. The outer surface of the coxa is somewhat 
excavated, and each edge of the excavation bears a row of fine spines. 
The trochanter is present but difficult to distinguish. The legs are 
moderately covered with hairs, those on the tibia being more numerous 
and stouter. A row of four or more hair-like processes, longer than:the 
tarsal claw, extends along the ventral side of each femur. 

The abdomen consists of eight distinct segments, the first five having 
the same width as the metathorax, the last three tapering off sharply; 
the seventh segment is from one-half to three-fourths as wide as the 
metathorax, and the eighth is one-fourth as wide. The eighth segment 
has the appearance of being telescoped within the seventh. Nine 
sternites and seven pleurites are clearly seen on the ventral side. The 
ninth sternite is modified as an anal covering. The abdomen is quite 
hirsute, and has an irregular transverse row of spine-like setae on each 
segment. There are about five lateral spines on each segment, some of 
which are as long as the segment is broad. 

The Pupa (fig. 15).—The pupa is elongate-rounded and 5 mm. in 
length. It is at first a creamy white, later turning to a dark gray. The 
head is deflexed and has prominent black eyes; the antennae are free 
from the body and folded beneath the head; no ocelli were observed on 
the pupa or larva. A fine pubescence covers the entire body, and it is 
especially dense on the head. The prothorax has two dark spines on 
the posterior dorsal margin and a second larger and longer pair on the 
anterior margin. Spiracles are located dorso-laterally on all abdominal 
segments. Several pupa were observed with the larval exuvia still 
clinging to the caudal end; one such specimen reached maturity with 
both larval and pupal exuviae still clinging to it. This specimen seemed 
normal except for slightly misshapen elytra. This condition has also 
been reported by Kraatz (1918). The pupae are capable of vigorous 
jerking movement, when disturbed. 


HABITS 


Feeding Habits of the Larvae——The larvae are vegetarians. No 
attempt to ingest animal life was observed; the larvae passed over 
minute snails, eggs, Planaria, Copepods and Protozoa. Kraatz (1918) 
states that the food of Scirtes tibialis is the duckweed, Lemna minor. 
S. orbiculatus larvae were never seen to eat plant leaves, but merely 
scraped more minute forms from the leaves and stems. The structure 
of the larval mouth parts is probably such that leaf-eating is not possible. 

The larvae forage about on both upper and lower surfaces of sub- 
merged vegetation and other objects, sweeping with rapid motion of the 
maxillae as they move steadily forward. The maxillary palpi are quite 
active and appear to function as exploratory and sensory organs. The 
laciniae, or tooth-like parts of the maxillae, are quite broad; they are 
the most active scraping organs. The unusually long antennae con- 
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stantly move about with a lash-like motion, and probably aid the 
larva’s course, since they are undoubtedly sensory. At times the 
animals were observed to clean their antennae of debris by pulling 
them under an elevated fore leg. 

Larvae were most often taken on blades of dead saw-grass that had 
dropped into the water and were thoroughly water-soaked. On such 
objects were found a heavy growth of Oedogonium, diatoms, Pharmidium 
lamnisonum, desmids, and other algae (identifications by J. C. 
Strickland). 

Respiration of the Larvae. The gills are five (sometimes four) small, 
white, unevenly rounded, finger-like retractile processes in the rectum. 
The rectal opening is on the ventral side of the ninth sternite; this 
sternite is much smaller than the preceding ones and serves as an anal 
covering, and can be lowered to allow the gills to be everted. By using 
transmitted light on living specimens, minute thread-like tracheoles 
can be seen in the gills. The tracheoles are bathed by a constant 
stream of blood, as shown by the movement of the leucocytes. 

There have been much discussion and confusion in the literature 
regarding the respiration of helodid larvae. From his observations the 
writer believes the tracheal gills function as auxiliary respiratory organs. 
This is in accordance with the observations of Lombardi (1928), who 
states that they are used particularly when the larvae are in unfavorable 
conditions. 

As the larva approaches the surface, the caudal end is brought into 
contact with, and pushed through the surface film. An opening appears 
just below the eighth tergite, and air is taken into the tracheal chamber. 
Immediately on submerging beneath the surface film, a bubble of air is 
apparently forced out of the tracheal chamber. This agrees with 
Lombardi’s observations. The bubble remains until the larva is ready 
to come to the surface again for air, at which time the caudal opening 
is first closed, releasing the bubble, then reopened above the surface 
film. At no time were the gills everted while the larva was obtaining 
air at the surface, but they were nearly always protruded while the 
larva was beneath the surface. In a dorsal view the gills are just ventral 
to the air bubble, but they are not in contact with it, as can be seen 
from a lateral view. 

By way of experimenting with the respiration, a larva was placed in a 
weak chloretone solution (anesthetic). No effects were noted for fifteen 
minutes; then respiration obviously became more labored. The caudal 
opening of the eighth tracheal spiracle was pushed through the surface 
film at ever-increasing intervals to take in air. The outline of most of 
the larger trachea could be*seen pulsating more rapidly in apparent 
effort to secure oxygen. Meanwhile the gills remained everted. Grad- 
ually the larva succumbed to the anesthetic, but was later revived for 
a short time by placing it in fresh water. 


DEVELOPMENT 


A larva 2 mm. in length, which had probably just hatched, was 
collected on the morning of August 27; its size increased very rapidly, 
and by 2:00 P. M. it had become darkened and sclerotized. Fourteen 
days later (Sept. 11) it molted the first time, and the second molt 
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occurred fourteen days later (Sept. 24). No further molts were recorded 
for the following twenty-five days. On October 19 the larva crawled 
out of the rearing dish and disappeared. This one specimen was under 
constant observation for two months. Much of the time toward the 
end of this period the weather was very chilly, which probably affected 
the temperature in the rearing dish (which was located on an outside 
porch) more noticeably than in a natural pond. 

The length of time between molts varied from seven to fifteen days 
(average, 10.1 days) in eight recorded molts (see Table I). The number 
of instars could not be definitely fixed, as most specimens had appar- 
ently undergone some molts when taken. 


TABLE I 


Days BETWEEN LARVAL MOLtTs 











Days Number of Larvae 
7 2 
8 2 
11 2 
14 1 
15 1 
Average =10.1 Total=8 


The larvae were reared in dishes placed in a larger receptacle of 
water. The larvae were provided with water-soaked saw-grass blades 
and a small piece of wood taken from the native pond, which provided 
support as well as a food supply. When the larvae crawled out of the 
rearing dish they could be easily detected in the larger receptacle, and 
were picked out and placed in a small amount of damp sphagnum moss 
in tumblers. One or two small sticks were provided as a support for 
the mature insects, and the tumblers were covered with cheese cloth. 
The larvae crawled into the moss and excavated small cavities in which 
they pupated. In six cases where single specimens were placed in small 
receptacles, the larvae crawled out before they were ready to pupate; 
when in groups, none were observed to leave the rearing dish until they 
were ready to pupate. Larvae 8 and 9 (see table II) used moss and 
mud in the construction of pupal chambers. The mud was near the 
consistency of that on the bank of the native pond. In each case the 
pupal chambers were formed in the edge of the mud. 

Larva 12 (Table II) was allowed to pupate in a small stender dish 
containing moist sand. After exploring a bit, the larva settled down to 
making a depression in the sand. This was a long laborious process; it 
started in the early afternoon and was not nearly completed by late at 
night. The larva lifted each grain of sand in its mandibles and placed 
it in place, an activity very much like that of a mud-dauber wasp. The 
following day nothing was to be seen except a completely capped-over 
pupal chamber. Four days later the adult beetle broke through the 
frail wall of the pupal chamber. It would thus appear that the place 
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of pupation is in the pond banks, above the water line. Lombardi 
(1928) describes S. hemisphaericus pupating in the pond bottom and 
the adult rising to the surface in an air bubble. 

The long antennae of the larva (see fig. 2) are shed just before the 
time of crawling out for pupation. It is always the filamentous part, 
not including the three basal segments, that is shed. This probably 
facilitates pupation, as the antennae are out of the way when the larva 
is building the pupal chamber. The average pupal period for 22 
specimens reaching maturity was four days (see Table II). Kraatz 
(1918) found the pupal period of S. tibialis (for nine specimens only) to 
be “about three days.” 


TABLE II 


PUPATION AND EMERGENCE OF Scirtes orbiculatus F. 








NUMBER OF Dura- 

- DATES URA 

SPECIMENS TION OF LENGTH OF 

LAO LISD |, ADULT LIFE 
Larvae | Adults | Pupation | Emergence | STAGE (Days) 

Pupating|Emerging| of Larva of Adult 





Aug. 24....| Aug. 29.... 16 
11 


July 29.....} Aug. 12 
July 29..... Aug. 10 
Aug. 10....} Aug. 14.... Missing Aug. 22 
Aug. 11....| Aug. 14.... Missing Aug. 16 
Aug. 14....| Aug. 17.... Missing Aug. 22 
....| Aug. e * 
Aug. 22....| Aug. 


1 3 
2 5 
3 2 
4 3 
5 3 
6 4 
7 2 
8 1 

2 











28 22 Average =4.3 Aver. =10.9 














*Adult specimens preserved before death. 


The newly emerged adult is light colored except for the black eyes; 
sclerotization and coloration takes place in a few hours, when the adult 
beetle becomes active. Activity seems to increase at night. The adults 
are good flyers, and extremely active jumpers due to the much enlarged 
hind femora. 

The adults remained in the tumblers until death. The average life 
of the imago was 10.9 days (Table II). No evidence of feeding, 
copulation, or egg-laying was observed. 

The fact that the majority of emergences occurred during the month 
of August would probably indicate that the natural peak in nature 
occurs in this month. It may be noted that there was a decided 
decrease in the number of larvae taken from the pond during the middle 
and last of August. Blatchley (1910) records the adults of S. orbiculatus 
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in Stuben County, Indiana, June 17. The writer was unable to collect 
larvae before the last week in July during 1937, 1938, 1939, and 1941. 
Collections were made as late as August 16, but larvae were very 
scarce by that time. 

Since eggs were not obtained, the ten-day incubation period recorded 
by Kraatz (1918) for S. tibialis may be used for purpose of estimate. 
From Table I the possible average time between molts is about 10.1 
days; from one specimen observed to undergo four molts this would 
make approximately 40 days in the larval stage. Table II shows 4 
days in the pupal stage and about 11 days in the imaginal stage. Sum- 
marizing, the lengths of the stages are: egg, 10 days; larva, 40; pupa, 4; 
imago 11; total 65 days. 


SUMMARY 


Observations on the life history and habits of Scirtes orbiculatus, a 
beetle of the family Helodidae, were carried on over four summers, 
during which time 27 adults were reared from larvae. The larvae are 
aquatic, and feed on microscopic plant life. They occur on dead 
vegetation in the shallow water of ponds, and in this study were found 
largely in Kessinger’s Pond, two miles southwest of Newport, Virginia. 
The mature larvae are campodeiform, 54-6 mm. in length, with 
antennae half as long as the body or longer. Respiration of the larvae 
is by means of a modified spiracle on the eighth segment, which is pro- 
truded above the surface film; the retractile rectal gills, which are 
true tracheal gills, serve as auxiliary respiratory organs. The duration 
of the life stages was found to be: egg, 10 days (estimated); larva, 40 
days; pupa, 4 days; imago, 11 days; total, 65 days. 
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CAUSES OF HEMLOCK MORTALITY IN NORTHERN MICHIGAN, by 
SAMUEL A. GRAHAM. University of Michigan, School of Forestry and 
Conservation, Bulletin No. 10. Pages 63, 19 figures, 6 x 9 inches, paper 
bound. Published by UNIveRsITy oF MICHIGAN Press, Ann Arbor, 
Michigan, 1943. 

This bulletin discusses the ecological factors which have been responsible 
for the heavy hemlock mortality in northern Michigan in the last ten years, and 
recommends practices which will prevent much of this loss. This study is a good 
illustration of the fact that many of the problems of forest entomology are to be 
solved by proper methods of forest management.—D. J. B. 


ON THE ANATOMY OF GRYLLOBLATTA 
CAMPODEIFORMIS WALKER 


4. EXOSKELETON AND MUSCULATURE OF THE ABDOMEN 


E. M. WALKER, 
Department of Zoology, University of Toronto 


The terminal abdominal structures of both sexes of Grylloblatta 
campodeiformis have already been described by Walker (1919a, 1919b, 
1922) in so far as the external parts are concerned; and the musculature 
of the female abdomen by Ford (1923). Crampton (1927, 1929) has 
also dealt with the terminalia as well as the general external features of 
the exoskeleton. No reference, however, has yet appeared in the 
literature to the internal skeletal parts of the male genitalia, nor has the 
abdominal exoskeleton as a whole been considered in detail. 

At the time when Dr. Ford’s work was done only one specimen of 
Grylloblatta was available for dissection. It is therefore not surprising 
that some of the muscles were overlooked by her and a few errors were 
made regarding the attachments of other muscles. The muscles of the 
first and tenth segments are not included in her description. 

In the following account an attempt has been made, as in the pre- 
ceding parts of this series, to follow, as closely as possible, the ter- 
minology employed by Snodgrass (1931, 1933, 1935). 


EXOSKELETON 


The abdomen of the adult female Gryllodblatta is about one-half 
longer than the thorax, a little narrower than that region at the base, as 
wide or slightly wider at about the sixth segment, and narrows distally 
to the anal extremity. It has a slightly depressed subcylindrical form 
and the ten segments are all complete and well defined, the first seg- 
ment showing less reduction than in any other orthopteroid insect that 
we have examined. 

The first seven segments are similar in the two sexes, the cuticular 
covering of each consisting of a simple tergum and sternum and extensive 
pleural membranes. The tergum covers the entire dorsal surface of the 
segment; it is transversely slightly arched but is not bent downwards 
on the sides and does not form a free fold, such as is present in the 
meso- and metathorax. The front and hind margins are straight, the 
lateral margins convexly curved. Each segment appears to be bounded 
in front by an antecostal suture but cleared preparations show, in front 
of this suture, a short but distinct precostal rim, clearly demarked from 
the intersegmental membrane. This precosta is unpigmented and 
indistinguishable from the membrane in uncleared preparations. The 
antecostal ridge is very low and, in the first segment, very slightly 
indicated. Short hairs are fairly evenly distributed over each tergum. 
The tergum of the first segment, usually more or less reduced in 
Orthoptera, is as large as that of the second segment, differing only in 
the less distinct antecosta. 
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The sterna of the same segments are somewhat narrower than the 
terga, more thinly sclerotized, and are similarly clothed with short hairs. 
Each sternum has a narrow lateral membranous zone, as determined by 
the attachments of the lateral muscles. All except the first and the last 
two (9 and 10) are simple flattened sclerites, overlapping each other 
slightly from before backwards, except when fully extended. No 
distinct antecosta can be detected on any of them. 

The sternal region of segment 1 (fig. 8) differs from the majority in 
being more extensively membranous, the only portion with a sclerotized 
cuticle being a rounded, median prominence, which lies between the 
hind coxae. Near its hind margin is the opening of an eversible sac, 
which is probably glandular. Figs. 1 and 9 show the sac in the retracted 
and everted position respectively. 

The pleural membranes are very extensive and devoid of sclerotized 
areas, neither paratergites nor parasternites (Snodgrass, 1931) being 
present. This condition, as indicated by the insertions of some of the 
lateral muscles, is due to desclerotization of the primary tergum and 
sternum, which were separated by the pleural line, just below the 
spiracles (Snodgrass, /. c.). The membrane is clothed with hairs but 
they are shorter, finer, and more sparsely distributed than on the 
sclerites. 

The spiracles (figs. 2, 3) are minute circular pores in the pleural 
membrane, without any surrounding sclerotization. The opening is 
partly covered by a thin cuticular membrane penetrated by a central 
aperture. The cuticular lining of the short tube which leads to the 
trachea is raised into numerous irregular, curled, hair-like processes, 
forming a loose network, which doubtless serves to prevent the entrance 
of foreign particles. 





EXPLANATION OF PLATE I 


Grylloblatta campodeiformis Walker. Figure 1. Left profile view of abdominal 
segments 1 and 2, showing eversible sac extended. 2. Spiracle from segment 1 of 
male. This is typical of the abdominal spiracles of both sexes. 3. Spiracle from 
segment 8 of male, showing the larger size as compared with typical spiracle shown 
in fig. 2. 4. Fourth and fifth segments of cercus, showing three different types 
of hairs. 5. Female ventral view of sternum of segment 8 and bases of first 
valvulae. 6. Female second and third valvulae in dorsal view. 7. Right half 
of ovipositor and basal sclerites viewed from within. 


EXPLANATION OF ABBREVIATIONS USED IN THE PLATES 
ac—accessory sclerite of right phallo- | pa—paraproct. 


mere. ph 1, ph r—left and right phallomere. 
ap—apodeme. sap—superior apodeme. 
bv—basivalvula. siv—superior intervalvula. 
ce—cercus. sp—spiracle. 
cp—copulatory process. spd—duct of spermatheca. 
cxl, exr—left and right coxal plate. st—sternum. 
dv—dorsal blood vessel or heart. tg—tergum. 
ep—epiproct. V1, V2, V3—first, second and third 
es—eversible sac. valvula. 
go—vas deferens. v. f.—valvifer. 


iap—inferior apodeme. 
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TERMINAL SEGMENTS OF THE FEMALE 

Segments 8 and 9 in the female are modified by the development of a 
large ovipositor similar to that of the more primitive Saltatoria of the 
suborder Ensifera. 

The tergum of segment 8 is similar to those of the more anterior 
segments but much smaller than that of segment 7. The sternum is 
remarkable in that it is not enlarged to form a specialized subgenital 
plate as in the Saltatoria. It is relatively wider than the other sterna, 
extending farther dorsad on each side, so that the pleural membrane is 
much narrower than on the segments in front. Posteriorly it is slightly 
emarginate where it forms the ventral margin of the large vaginal 
orifice and meets the bases of the first or ventral valvulae, which bound 
this passage laterally. The cuticular lining of the vagina extends for- 
ward as far as the anterior margin of the 8th segment, the lateral walls 
being continuous with the mesal walls of the first valvulae, while its 
ventral wall is adjacent to the sternum of segment 8. On the roof of 
the vagina, in the middle of segment 8, is a small, rounded button-like 
plate, through which opens the duct of the spermatheca. The last 
pair of spiracles opens in the pleural membrane of segment 8. 

The tergum of segment 9 is dorsally narrower than that of 8 but 
extends farther ventrad on each side, reaching the bases of the first 
valvulae. The anterior margin has the usual connection with the 
tergum of segment 8 but extends latero-ventrad beyond it so as to be 
connected also with the latero-dorsal margin of the sternum of 8 and 
the basivalvulae. The antecosta is similar dorsally to those of the 
preceding segments but ventro-laterally, where it is connected by 
membrane with the sternum of segment 8, it is continuous with a 
strong lateral apodeme for the attachment of muscles of the ovipositor. 

The Ovipositor (figs. 6, 7).—Grylloblatia possesses a large, exserted 
ovipositor much like that of the more primitive Ensifera. All three 
pairs of valvulae are well developed, the third pair being the longest, 
the first pair a little shorter, while the second pair, which is partly 
concealed by the third pair, is the shortest, but is by no means vestigial. 
The individual valvulae are all flattened and blade-like with acute apices 
lacking teeth, but the ovipositor as a whole is scarcely compressed and, 
although the first and second valvulae fit together by a loose tongue- 
and-groove engagement, the valvulae do not meet together in a single 
apex, as is usual in the Ensifera, the tips of the third valvulae projecting 
separately beyond the other pairs. A distinctly Orthopteran feature is 
the dorsal position of the third valvulae, which form an integral part of 
the ovipositor rather than a mere pair of sheaths for the other valvulae. 

At the lower extremity of the lateral apodeme the tergum of segment 
9 articulates with the valvifer (fig. 7), a small triangular sclerite, which 
articulates also with the base of the first (ventral) valvula and the 








EXPLANATION OF PLATE II 


Grylloblatta campodeiformis Walker. Figure 8. Abdominal wall cut longi- 
tudinally near the mid-dorsal line, and spread out so as to show the musculature. 
The terga are not shown in their entire width. The muscles of the right side 
with the exception of the mesal group of the outer ventral series have been removed 
to show the exoskeletal features. 
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second (inner) valvula. This sclerite has recently been termed the first 
valvifer by Snodgrass (1933), who interprets it as a vestige of the coxal 
plate or limb-base of segment 8. Snodgrass’ second valvifer is the broad 
basal part of the third (dorsal) valvulae as recognized here. This is 
acknowledged by all to represent the limb-bases of segment 9. Thus, 
according to this theory the so-called first and second valvifers are 
serially homologous structures. Snodgrass’ concept is derived largely 
from conditions met with in the Homoptera in which there is a marked 
resemblance between the parts termed first and second valvifers, but 
we believe that this resemblance is a secondary one and that the parts 
so named are not serially homologous. In this belief we are supported 
by Ander (1939). The matter will be dealt with under the head 
of “Discussion.” 

The first valvulae each consist of two segments, a smaller basal 
segment or basivalvula and a long distal blade. The basivalvulae (fig. 5) 
articulate with the distal margin of the sternum of segment 8, which 
encircles them laterally. Dorsally they are contiguous with the valvifer 
and the ventral extremity of the tergum of segment 9. Their mesal 
walls are membranous and are continuous with the lateral walls of the 
vagina and the mesal walls of the blade. 

The blade of the first valvula is slightly compressed and upcurved. 
Its latero-basal angle articulates with the postero-ventral angle of the 
valvifer. Only its ventro-lateral walls are sclerotized, the dorsal and 
mesal walls being membranous. Along the dorsal edge of the lateral 
wall is a partly membranous groove, which engages the lower edge of 
the corresponding second valvulae. The sclerotized surface bears 
numerous stiff hairs. 

The second or inner valvulae (figs. 6, 7) are exposed laterally but 
concealed when the ovipositor is viewed from above or below. They 
are considerably shorter than the first valvulae and are devoid of hairs. 
They are connected proximally by a fold of integument, the inter- 
valvular membrane, which is dorsally convex where it fits into the con- 
cavity formed by the expanded bases of the third valvulae. Across the 
dorsal wall of this membrane, at its highest level, is a sclerotized bridge 
which connects the bases of the blades. The median part of this bridge 
is thickened to form a pair of prominences for the attachment of muscle 
No. 224. The ventro-lateral margins of the second valvulae fit into 
the groove along the dorsal margins of the first valvulae. 

The third or dorsal valvulae (figs. 6, 7) are the longest of the three 
pairs. Their basal parts are expanded and flaring, meeting one another 
dorsally at a point just above the bridge which connects the second 
valvulae. The dorso-lateral basal angle of each valvula is produced into 
a superior apodeme and the base of the apodeme is laterally slightly 
notched to articulate with the dorsal angle of the valvifer (fig. 7). 
Between the divergent superior apodemes the cuticle is semi-mem- 





EXPLANATION OF PLATE III 


Grylloblatta campodeiformis Walker. Figure 9. Muscles of abdominal seg- 
ments 1 and 2, and muscular connections with metathorax. 10. Muscles of 
abdominal segments 7 to 10 of female, including ovipositor, cerci and anal valves, 
left side from within. 
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branous and unpigmented and the only indication of the superior inter- 
valvula is a thin median septum, attached to the cuticle above, and 
separating the intervalvular muscles of the valvifer (No. 223). 

The ventro-lateral basal angles of the third valvulae are also pro- 
duced into a pair of inferior apophyses which are prolonged mesad into 
a pair of slender curved bars uniting with one another on the middle line. 
These united bars perhaps include the inferior intervalvula, which in 
the Ensifera forms a distinct sclerite. 

Distally the third valvulae are somewhat depressed and taper to 
slender pointed apices. They are sclerotized dorsally and laterally and 
bear a few scattered hairs. 

The tenth segment (figs. 10, 20-23), although small as compared 
with the other segments, is more prominent than in most Orthoptera, 
resembling that of the Phasmaria in this regard. Its tergum encircles 
the greater part of the segment, covering dorsal and lateral surfaces and 
is indistinctly demarcated from the sternum, which is only thinly 
sclerotized. The antecosta is present as in other segments. 

The cerci are about as long as the last five segments in a state of 
average extension and are cylindrical tapering appendages, composed of 
eight distinct segments, the basal segment being the equivalent of two 
partly divided segments. The segments increase in length distad to the 
sixth or seventh, the eighth being slightly or considerably shorter than 
the seventh segment. The eighth or terminal segment is, however, 
always the most slender. The cerci are densely clothed with hairs 
(fig. 4), which are of several sizes: (a) the general covering of ordinary 
short body hairs, (b) a group of three or four long stout hairs around 
each segment about the middle, and (c) a circlet of about eight still 
longer and very slender hairs near the distal end of each segment except 
the last, each hair arising from a circular pit. These hairs are probably 
tactile in function. 

The epiproct (fig. 23) is a small, rounded, depressed flap, thinly 
sclerotized dorsally, with a few scattered hairs. The paraprocts (figs. 
20, 23) are moderately prominent, rounded membranous lobes, with 
slightly sclerotized lateral walls. 


TERMINAL SEGMENTS OF THE MALE 
The abdomen of the adult male differs in general form from that of 
the female in that segments 8 and 9 are much larger, segment 8 being 
about as large as segment 7, while segment 9 is considerably enlarged, 
being specialized as a genital segment. Both segments 9 and 10 are, in 
fact, asymmetrically modified for copulation. Segment 8 shows no 





EXPLANATION OF PLATE IV 


Grylloblatta campodeiformis Walker. Figure 11. Copulatory structures of 
male, posterior view. 12. Dorsal musculature of segments 9 and 10 of male. 
13. Segments 9 and 10 of male abdomen, with body wall of segment 9 removed 
to show muscles. 14. Coxal plates and outer phallic muscles of male, exposed 
by removal of ninth sternum. 15. Left lateral region of tenth tergum, showing 
left tergal arm, left phallomere and muscular connections. 16. Under surface 
of tergum of a typical segment (segment 5) with inner dorsal muscle removed 
(except bounding fibres), to expose outer dorsal muscles. 
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In Figure 12 220r and 2201 should be transposed. 
In Figure 15 muscles labelled 21 should be 218. 
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noteworthy difference from segment 7. In both of these segments the 
pleural membrane is considerably narrower than in the preceding 
segments and the spiracles are larger. Segment 9 is somewhat flaring, 
the left side being slightly longer and more divergent than the right 
side. The anterior margin of the tergum bears a very strong antecosta. 
The posterior margin is convexly produced, the convexity being more 
prominent to the left of the median line. The tergum is practically 
fused with the sternum, there being merely an indistinct lateral suture 
in place of the pleural membrane. 

The sternum of segment 9 occupies the whole width of the segment 
and extends upwards on each side to meet the tergum. Close to the 
anterior margin, which is slightly irregular, there is a strong antecostal 
ridge. Articulated with the broadly convex posterior margin of the 
sternum are the two coxal plates or limb-bases, each of which is a 
flattened, triangular process, bearing at its apex a hairy stylus. Both 
coxal plates bear a thickened basal ridge for the insertion of the adductor 
muscles. The two coxal plates are separated at their bases by a distinct 
interval, which is well to the right of the middle line. The left coxal 
plate (figs. 12, 14) is three times as broad, at base, as the right coxal 
plate (figs. 12, 14) and is considerably broader than long. 

It is a scoop-like structure, ventral and lateral in position and forms 
a sort of asymmetrical subgenital plate. The right coxal plate, on the 
other hand, is narrower than long and wholly lateral in position. Near 
the base of its dorsal margin is a short, thumb-like process, bent inwards. 
This coxal plate serves as a clasper in copulation. 

The tenth tergum (figs. 11, 12) appears from above to be similar to 
that of the female, except that it is slightly asymmetrical in outline 
and the antecosta is greatly thickened. Viewed from other angles, how- 
ever, it is seen to be considerably modified and strongly asymmetrical. 
The lateral lobes are produced into a pair of free arms (fig. 12), which 
nearly meet ventrally, just below, and in front of, the paraprocts. The 
left arm is long, heavily sclerotized, and terminates in a button-like 
disk. There is also a ventral extension of the basal rim of the segment on 
this side, to which powerful muscles are attached. The right arm is 
comparatively short and spatulate, and is distally unpigmented and 
semi-membranous. The basal rim of the tergum on this side is slightly 
prolonged but much less so than the corresponding left structure. The 
left arm probably serves as a brace in opposition to the right coxal 
plate, which functions as a clasper. 





EXPLANATION OF PLATE V 

Grylloblatta campodeiformis Walker. Figure 17. Dorsal dissection of terminal 
segments of male abdomen, showing the terminal bundles of the inner ventral 
muscles (219) among the parts of the reproductive organs. 18. Muscles of 
phallus and tenth segment, dorso-anterior dissection of male. 19. Copulatory 
process of male from within, showing the large apodeme and its special muscles. 
20. Tenth segment and anal valves of female, ventral view. Terminations of 
inner ventral muscles and abductors of cerci showing through transparent body 
wall. 21. Muscles of cercus, female, dorsal view of left side. 22. Tenth abdom- 
inal segment of female, vertical section right of the median sagittal plane. 
23. Tenth abdominal segment and anal valves of female, left postero-lateral 
view, showing muscles of cercus through transparent body wall. 
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The phallus is of primitive type in that it consists of two separate 
lobes or phallomeres, right and left (Snodgrass, 1937). The two lobes 
are divided by an irregular, oblique fissure, which is dorsally left of the 
middle line, ventrally a little to the right of the middle. Distally the 
right lobe is folded over the left lobe. The two lobes are extremely 
different in form and structure. 

The left phallomere (figs. 11, 15) is a large, membranous, tubular sac, 
which forms a single coil when extended. Ordinarily in the living 
insect the sac is retracted. The only sclerotized areas of the left lobe 
are the following: 

(a) A moderate-sized area on the ventral and posterior walls at the 
base and close to the median fissure. This area is continuous with the 
basal rim, adjacent to the sternum of seg. 9. A small patch of hairs is 
borne by the somewhat smaller, posterior part of this area. 

(b) A small triangular area on the left side of the interlobar fissure, 
at its upper extremity. This is a thinly sclerotized plate, serving for 
the attachment of a muscle (No. 225). 

(c) A small oval plate adjacent to the ventral extremity of the base 
of the left tergal arm, with which it forms a sort of articulation. It 
serves for the insertion of the powerful muscle No. 225. 

We are still unable to suggest what the function of the sac-like 
structure may be. It is filled with a loose connective tissue and appears 
to have no communication with the ejaculatory duct. 

The stout basal part of the right phallomere is moderately well sclero- 
tized ventrally, posteriorly and laterally, but is membranous mesally, 
where it meets its fellow of the left side, and is partially so dorsally, 
where it is invaginated to form a sheath for the principal copulatory 
process (fig. 11). This is a complex and highly sclerotized structure, 
which is prolonged into the haemocoele in the form of a large basal 
apodeme for the attachment of muscles. Externally the main part of 
this structure projects from its sheath in the form of a stout, irregular 
process, terminating in two points, of which the larger is directed laterad. 
The basal apodeme (fig. 19), which is the inward extension of this 
copulatory process is a long stout bar, which swings dextrad, terminating 
in two blunt hooks, a long lateral and a shorter mesal one. 


The accessory sclerite of the right phallomere (figs. 11, 19) is an 
asymmetrical plate, lying antero-dorsally (morphologically posterior) to 
the principal copulatory process. Dextrally it projects as a free process, 
which turns ventrad, while mesally it forms a somewhat curved trans- 
verse bar embedded in the sheath of the copulatory process and serves 
for the attachment of muscles. The right extremity of this bar, as 
viewed from within, is enlarged, forming the base of the free external 
process and the principal point for the attachment of muscles. This 
accessory sclerite is comparable in position to the epiphallus (pseudo- 
sternite) of the Saltatorian family Acrididae and both have muscular 
connections with the sternum of segment 9, but it is not claimed that 
there is any true homology between these structures. 

The ejaculatory duct, which is a very short passage between the two 
phallomeres, is wholly membranous. It opens immediately to the left 
of the main copulatory process. 
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Immediately above the accessory sclerite of the right phallomere 
and hinged to its dorsal margin is another asymmetrical transverse 
sclerite (figs. 11, 19), the right extremity of which terminates in an 
abruptly deflexed pointed process. This process is immediately above 
the similar process of the accessory sclerite and the two processes suggest 
the upper and lower jaws of a pair of claspers. In a male which was 
about to copulate the two processes moved apart as though about to 
function as a clasper but the muscles (fig. 18) do not suggest such a 
function. This upper transverse sclerite appears to belong to the 
sternum of segment 10, since it has muscular connections only with the 
tergum of that segment. 

The cerci are similar to those of the female. The epiproct and 
paraprocts are also similar but slightly less prominent. 


ABDOMINAL MUSCULATURE 


MUSCLES OF ABDOMINAL SEGMENT 1 


In Part 3 of the present series (Walker, 1938, pp. 615-616), the sixth 
ventral longitudinal muscle (No. 111) was described as dividing into 
two branches, one of which (111b) was stated, with some doubt, to be 
inserted on the antero-lateral angle of the sternum of the second abdom- 
inal segment. The doubt was due to the fact that in every dissection 
made this slender muscle was broken and material was too scarce to 
permit of further dissections at that time. More recent dissections 
reveal the fact that No. 111b is inserted on the anterior margin of the 
membranous part of segment 1, laterad of the sternal sclerite but 
doubtless the antero-lateral angle of the sternal region (fig. 9). This is 
inferred from the fact that this muscle is continuous with the lateral 
portion of the ventral longitudinal muscle of segment 1. 

The two groups of fibres, 11la and 111b, were described as branches 
of one muscle since they are completely contiguous throughout the 
length of llla. Since 1lla, however, is inserted on the metasternal 
apophysis, while 111b is inserted on the sternum of the first abdominal 
segment, the latter should be regarded as a separate, intersegmental 
muscle of the longitudinal ventral series. 


135. Inner dorsal muscle (figs. 8, 9, 10). 

This is a continuation of the longitudinal dorsal muscles of the 
thorax, following No. 112. It is a broad flat muscle arising on the 
antecosta of the tergum of segment 1 and inserted on the antecosta of 
the tergum of segment 2. Each muscle is but narrowly separated 
mesally from its fellow and the two muscles cover practically the entire 
tergal region except the rounded lateral lobes. 


136. Outer dorsal muscles (fig. 16). 

Three small groups of few and fine fibres, arising on the anterior half 
of the tergum and inserted on the antecosta of the following tergum. 
There is a mesal group at the mesal margin of 135, a lateral group close 
to the lateral margin of the same muscle, and a sublateral group, with 
somewhat oblique fibres, between the other two groups but nearer the 
lateral. 
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137. Alary muscle (fig. 8). 

Arises by a small tendon on the tergal antecosta among the lateral 
fibres of 135, the fibres spreading fanwise to be inserted on the ventral 
wall of the heart. 


138. Inner ventral muscle (figs. 8, 9). 

The greater part of this muscle, as found in the typical abdominal 
segments (2-6), is represented in segment 1 by the seventh ventral 
longitudinal muscle, No. 114, described in Part 3 of this series. This 
muscle arises on the metasternal apophysis and is inserted on the anterior 
margin of the sternum of segment 2. A small lateral slip, however, 
narrowly separated from 114, arises on the anterior margin of segment 1, 
in alignment with 111b and is inserted on the anterior margin of the 
sternum of segment 2, immediately laterad of the insertion of 114. 


The outer ventral muscles (139-141, fig. 9) consist of a lateral group of 
fibres together with two pairs of muscles which function as retractors 
of the eversible sac. 

The lateral group (139) is a very thin flat muscle arising on the 
anterior margin of the sternum of segment 2, somewhat mesad of the 
lateral margin, its fibres converging forward and somewhat laterad to 
their insertion on the membranous part of the sternal area of segment 1, 
near its antero-lateral angle. 


140. Posterior retractor of the eversible sac (figs. 8, 9). 

Arising on the anterior margin of the sternum of segment 2, in line 
with the mesal fibres of the outer ventral muscles of that segment (No. 
150) and passing antero-mesad to its insertion on the lateral wall of the 
eversible sac. 

These muscles appear to be the serial homologues of the mesal group 
of fibres of the outer ventral muscles of typical segments. 


141. Lateral retractor of the eversible sac (figs. 8, 9). 

Arising on the lateral margin of the sternal sclerite, its fibres diverg- 
ing mesad to their insertion on the lateral wall of the eversible sac. 

This muscle is doubtfully referred to the mesal group. Possibly it 
is one of the series of transverse ventral muscles, not present in the 
other segments in Grylloblatta but found in all typical segments in the 
Saltatoria. Maki (1938) describes a pair of transverse ventral muscles 
in the first abdominal segment of the phasmid Megacrania. 

The lateral muscles include, from before backwards, an interseg- 
mental tergo-sternal and three intrasegmental muscles, viz., a sterno- 
pleural, a segmental tergo-sternal and a tergo-pleural muscle. The 
intrasegmental tergo-sternal muscle and probably also the interseg- 
mental tergo-sternal belong to the inner series. The others belong to 
the outer series and are, according to Snodgrass (1931), to be regarded 
as primarily tergo-sternal, their insertions being in the region of the 
original “‘pleural line,’’ i. e., just below the spiracles. 

142. Intersegmental tergo-sternal muscle (figs. 8, 9). 

A very slender bundle of fibres extending from the postero-lateral 
angle of the metatergum to the antero-lateral angle of the sternum of 
segment 1. - 

This muscle corresponds to the intersegmental tergo-pleural of 
Gryllus (Snodgrass, 1933, fig. 15 B, No. 3) including probably also a 
part of the sterno-pleural muscle No. 6. 
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143. Sterno-pleural muscle (figs. 8, 9). 

A thin flat band of fibres extending dorsad from an oblique line of 
origin on the lateral margin of the sternal region at its anterior end to 
its insertion on the pleural membrane close to the front margin. 

This appears to represent Snodgrass’ paratergosternal muscle, 
No. 4, perhaps including No. 5 (Snodgrass, /. c., fig. 15 B). 


144. Intrasegmental tergo-sternal muscle (figs. 8, 9). 

The largest of the lateral group: a flat muscle with parallel fibres, its 
tergal attachment a little mesad of the lateral edge of 135 and near the 
middle of the segment, passing ventrad to its sternal attachment on the 
lateral margin of the sternum. 

This is No. 1 in Gryllus (Snodgrass, I. c., fig. 15 B) and the secondary 
segmental tergo-sternal of Ford (1923). 


145. Tergo-pleural muscle (figs. 8, 9). 

A shorter muscle than 144, of parallel fibres, arising on the tergum 
just behind 144, and passing ventrad, internal to the spiracle, to its 
insertion on the pleural membrane just below the latter. 

This appears to be No. 2 in Gryllus (Snodgrass, /. c., fig. 15 B). 

There are no abdominal spiracular muscles in Grylloblatta. 


MUSCLES OF SEGMENT 2 


146. Inner dorsal muscle (figs. 8, 9). 

A flat sheet of parallel fibres, arising on the tergal antecosta of seg- 
ment 2 and inserted on the tergal antecosta of segment 3. It is in 
alignment with 135 and quite similar to the latter in its relations. 


147. Outer dorsal muscles (figs. 8, 9). 
Three minute groups of fibres as described for segment 1. 


148. Alary muscle (fig. 8). 
As described for segment 1. 


149. Inner ventral muscle (figs. 8, 9). 

A wide band of parallel fibres in alignment with 114 and 138, extend- 
ing from the anterior margin of the sternum of segment 2, to the anterior 
margin of the sternum of segment 3 and covering the lateral fourth of 
the sternal area. 


150. Outer ventral muscle (figs. 8, 9). 

This muscle is divided into two very thin, flat groups of fibres, a 
larger mesal group and a smaller lateral group. 

The mesal group (150a) arises on the anterior margin of the sternum 
of segment 3, largely beneath 149, its fibres converging forward and 
somewhat mesad to a short line of insertion on the anterior third of 
the sternum of segment 2, just mesad of the mesal edge of 149. When 
contracted this muscle is decidedly oblique, when extended, as in fig. 8, 
it appears only slightly so. 

The lateral group (150b) is a very small and thin fan of fibres arising 
on the extreme lateral part of the anterior margin of the sternum of 
segment 3, where the cuticle is almost membranous, its fibres converging 
to a minute area of insertion on the lateral margin of the sternum of 
segment 2 about midway of its length. 
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The lateral muscles include from before backward an intersegmental 
tergo-sternal, an anterior intrasegmental tergo-sternal, a sterno-pleural, 
a posterior intrasegmental tergo-sternal and a tergo-pleural muscle. 
The tergo-sternal muscles appear to represent the inner series of lateral 
muscles, the sterno-pleural and tergo-pleural the outer series. 

151. Imntersegmental tergo-sternal muscle (figs. 8, 9). 

A very slender bundle of fibres extending from the postero-lateral 
angle of the tergum of segment 1 to the antero-lateral angle of the 
sternum of segment 2. It is the serial homologue of 142. 

152. Anterior intrasegmental tergo-sternal muscle (figs. 8, 9). 

A tenuous group of few fibres, arising on the tergal antecosta close to 
the origin of the alary muscle and inserted, in common with 151, on 
the antero-lateral angle of the sternum. 

This is the primary segmental tergo-sternal of Ford. 

153. Sterno-pleural muscle (figs. 8, 9). 

A small flat group of fibres, arising on the lateral margin of the 
sternum, immediately behind 152, from which it is not distinctly sep- 
arated, and inserted on the pleural membrane close to the front margin 
of the segment. 

154. Posterior intrasegmental tergo-sternal muscle (figs. 8, 9). 

A band of parallel fibres having a tergal attachment a little mesad 
of the lateral edge of the inner dorsal muscle and somewhat less than 
midway back from the front margin, passing ventrad to its sternal 
attachment on the lateral margin of the sternum. It is the serial 
homologue of 144 of segment 1. 

This is the secondary segmental tergo-sternal of Ford. 

155. Tergo-pleural muscle (figs. 8, 9). 

A band of parallel fibres arising on the tergum, immediately behind 
the origin of 154, and passing ventrad, internal to the spiracle, to its 
insertion on the pleural membrane just below the latter. 

The above description of the muscles of segment 2 applies equally 
well to segments 3, 4, 5 and 6 and the muscles of these segments will 
therefore be merely enumerated. 


MUSCLES OF SEGMENT 3 (Fie. 8) 
156. Inner dorsal muscle. 
157. Outer dorsal muscle. 
158. Alary muscle. 
159. Inner ventral muscle. 
160. Outer ventral muscle. 
161. Intersegmental tergo-sternal muscle. 
162. Anterior intrasegmental tergo-sternal muscle. 
163. Sterno-pleural muscle. 
164. Posterior intrasegmental tergo-sternal muscle. 
165. Tergo-pleural muscle. 


MUSCLES OF SEGMENT 4 (Fic. 8) 
166 to 175, as listed above. 
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MUSCLES OF SEGMENT 5 (Fie. 8) 
176 to 185, as listed under segment 3. 


MUSCLES OF SEGMENT 6 (Fie. 8) 
186 to 195, as listed under segment 3. 


MUSCLES OF SEGMENT 7 (Fics 8, 10) 
196 to 205, as listed under segment 3, typical in the male but modified 
in the female as follows: 
200. Outer ventral muscle. 

Mesal group (200a) arising on the anterior fourth of the sternum, 
mesad of the inner ventral muscle, the two muscles converging caudad 
to their insertion on the dorsal wall of the vagina at its base. At its 
origin it is contiguous with the inner ventral muscle, from which it 
may receive a few fibres. It appears to function as a retractor of the 
vagina but is the homologue of Snodgrass’ Retractor of the Spermathecal 
pouch in Gryllus (Snodgrass, 1933, fig. 17, 2). 

The lateral group of fibres (200b) is unmodified. 


MUSCLES OF SEGMENT 8 
FEMALE (Fics. 8, 10) 
206. Inner dorsal muscle, as described for segment 5 
207. Outer dorsal muscle, as described for segment 
208. Alary muscle, as described for segment 2. 
209. Inner ventral muscle. 

Arising on the anterior margin of the sternum, in continuity with 
199, but directed meso-caudad, with converging fibres, to its insertion 
on the valvifer. It appears to function as a retractor of the first valvulae. 

This muscle together with No. 199, with which it is combined in 
Gryllus, is the retractor of the ovipositor of Snodgrass, (1933, fig. 17, No. 1). 
In Ceuthophilus according to Ford (1923) it is like that of Grylloblatta in 
being separate from No. 199, but differs in being inserted on the inferior 
intervalvula instead of the valvifer. Both, however, are parts of the 
sternum of segment 9. 

210. Outer ventral muscle. 

A single pair of muscles, doubtless representing the mesal group, 
arising on the sternum near its lateral margin and just mesad of the 
sternal attachment of the posterior segmental tergo-sternal muscle 
(213); passing: caudo-mesad to its insertion on the dorsal wall of the 
vagina behind the duct of the spermatheca. 

This muscle has no exact equivalent in Gryllus but appears to be 
represented in Conocephalus by a muscle which Ford (1923) terms the 
secondary transverse muscle of segment 8. 

211. Intersegmental tergo-sternal muscle. Typical. 

212. Anterior intrasegmental tergo-sternal muscle. Typical. 

213. Sterno-pleural muscle. Typical; not clearly separated from 212 
except in its pleural insertion. 

214. Posterior intrasegmental tergo-sternal muscle. ‘Typical. 

215. Tergo-pleural muscle. Typical. 
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216. Tergal muscle of the first valvula. 

A stout muscle with subparallel fibres, arising on the anterior surface 
of the upper part of the lateral apodeme of segment 9 and passing 
ventrad to its insertion on the mesal surface of the basivalvula. Although 
the apodeme on which this muscle arises is described as an enlarged part 
of the antecosta of segment 9, this muscle is probably one of the lateral 
series of segment 8, since it is inserted on the basivalvula which arises on 
that segment. Ford (1923) describes it as a tergo-sternal muscle of 
segment 8 and it appears in her figure as arising in that segment. It is 
the “‘tergal muscle of the first valvifer’” of Snodgrass (1933). 

217. Adductor of the first valvula. 

A short muscle arising on the mesal surface of the basivalvula and 
inserted mesally on the base of the blade of the first valvula. It-is not 
present in Gryllus. 

MALE 

206. Inner dorsal muscle. Typical (see segment 2). 

207. Outer dorsal muscle.. Typical. 

208. Alary muscle. Typical. 

209. Inner ventral muscle. Typical. 

210. Outer ventral muscle. Mesal group typical, lateral group absent. 

211. Intersegmental tergo-sternal muscle. ‘Typical. 

212. Anterior segmental bergo- -sternal muscle. 

As described for segment 2, but stouter than in the more anterior 
segments. 

(213. Sterno-pleural muscle absent.) 

214. Posterior segmental tergo-sternal muscle. Typical. 

215. Tergo-pleural muscle (fig. 8, 10). Typical and but little shorter 
than 214. The spiracle lies at about its hind margin instead of 
beneath it. 

Nos. 216 and 217 have no homologues in the male. 


MUSCLES OF SEGMENT 9 
FEMALE 
218. Inner dorsal muscle (figs. 8, 10). 

These are restricted to the medio-dorsal half of the tergum but are 
otherwise as described for segment 2. 

No outer dorsal muscles were found. 

The ventral and lateral muscles all take part in the movements of 
the ovipositor. It will be convenient to describe the lateral muscles 
first, viz., the three following (Nos. 220-222): 

219. Inner ventral muscle (fig. 10). 

A slender muscle arising on the valvifer, extending meso-dorsad and 
then caudad along the sternum of segment 10, close to the median line, 
to its insertion on the base of the paraproct. This muscle thus appears 
to represent the combined inner ventral muscles of segments 9 and 10. 
It was not observed by Snodgrass in Gryllus but is described and illus- 
trated by Ford in this genus. 

220. Superior tergal muscle of the third valvula (figs. 8, 10). 

A large flat muscle, arising on the dorso-lateral part of the tergum, 

external to 218, and meeting the antecosta below, its fibres converging 
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ventro-caudad to their insertion on the superior apophyses of the 
third valvula. 

Although not mentioned by Snodgrass this muscle, according to 
Ford, is well developed in Gryllus and other Ensifera. (Ford, 1923, 
figs. 21, 22, 23, ttg 9). 

221. Inferior tergal muscle of the third valvula (fig. 10). 

A stout muscle arising on the lateral apodeme and passing dorso- 
caudad with convergent fibres to its insertion on the under surface of 
the superior apophyses of the third valvula. 

This is the posterior tergal muscle of the second valvifer of Snodgrass. 
222. Inner tergal muscle of the third valvula (fig. 10). 

A thick spindle-shaped muscle, arising on the thickened lateral part 
of the tergal antecosta, mesad of 216, and passing caudo-ventrad to its 
insertion on the curved bar formed of the united inferior apophyses of 
the third valvulae. 

This is Snodgrass’ anterior tergal muscle of the second valvifer. 

The two remaining muscles of segment 9 are wholly sternal. These 
are the following (Nos. 223 and 224): 

223. Intervalvular muscle of the valvifer (fig. 10). 

A cylindrical muscle of parallel fibres, arising partly on the dorsal 
cuticle between the superior apodemes of the third valvulae and partly 
on a thin median septum, connected above with the cuticle, and sep- 
arating the two muscles; and passing latero-ventrad to its insertion on 
the upper part of the valvifer. 

This is Snodgrass’ intervalvular muscle of the first valvifer. 

224. Muscle of the second valvula (fig. 10). 

A short muscle arising on the basal part of the third valvula, just 
posterior to the origin of No. 223, its fibres converging ventrally to 
their insertion on a rounded prominence on the united bases of the 
second valvulae. 

This muscle, according to Snodgrass, is absent in Gryllus, in which 
the second valvulae are vestigial, but is well developed in Scudderia. 


MALE 
218. Inner dorsal muscle (figs. 21, 13, 15). 

These muscles are asymmetrically developed. They arise on the 
mesal half of the antecosta of segment 9, their mesal edges meeting, and 
pass divergently latero-caudad, leaving a V-shaped median space in 
which the rectum is exposed (fig. 12). Both muscles are inserted on 
the anterior margin of the tergum of segment 10, but the insertion of 
the right muscle is comparatively narrow while that of the left is much 
wider, continuing along the ventro-lateral extension of the tergum of 
segment 10, which functions as the base of the tergal arm (fig. 15). 
This muscle appears to function as a depressor of the left tergal arm. 

No outer dorsal muscles were recognized. 

219. Inner ventral muscle (fig. 17). 

A slender muscle arising on the anterior margin of the sternum of 
segment 9, close to the median line, and passing caudad between the 
vasa deferentia and over the ejaculatory duct and the sternum of 
segment 10 to its insertion mesally on the base of the paraproct. 

The lateral muscles are represented by the following pair only: 
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220. Flexor of the coxal plate (figs. 12, 13). 

These muscles are asymmetrically developed but, on both sides, arise 
dorso-laterally on the tergum of segment 9, overlapping the lateral 
portions of the inner dorsal muscle. 

The right muscle (220 r) is large and strong and overlaps the 
greater part of the inner dorsal muscle of the same side. Its fibres 
converge from a broad area or origin to their insertion on a stout tendon 
attached to the dorsal angle of the base of the right coxal plate. 

The left muscle (220 1) has a much smaller area of origin, which 
covers but little of the dorsal surface and overlaps very little of the 
inner dorsal muscle. Its convergent fibres have a tendinous insertion 
on the dorso-lateral angles of the left coxal plate. 

Since the coxal plates are the homologues of the third valvulae of 
the female it seems reasonable to infer that the flexor muscles of the 
former (the only muscles they possess) are the representatives of the 
major depressor muscles of the third valvulae, which are similar in 
origin and insertion. 

The remaining muscles of segment 9 (Nos. 225 and 226) belong to 
the ventral series but cannot be homologized with any of the muscles in 
the female. They consist of the principal muscles which control the 
movements of the phallomeres and, as one would expect from the 
exoskeletal parts, they are asymmetrically developed. 

225. Outer ventral muscles of the phallomeres (figs. 13-16, 18). 

The right muscle arises on the sternum, chiefly along the anterior 
margin, its origin extending somewhat to the left of the middle line. 
The fibres converge obliquely to the right and are inserted on the 
extremity of the right hook of the apophysis of the right phallomere. 

The left muscle is a very large muscle, covering at least two-thirds 
of the sternal area and overlapping a part of the right muscle. The 
line of origin extends from the anterior margin of the sternum on the 
left side of the middle line, obliquely across the sternum almost to the 
posterior margin on the extreme right, the fibres converging sinistrad to 
their insertion on an oval sclerite close to the base of the left tergal arm, 
with which it forms a sort of articulation. 

226. Inner ventral muscles of the phallomeres (figs. 18, 19). 

The right muscle is a large, flat, fan-shaped muscle, arising on the 
sternum along the anterior margin, just internal to the insertion of the 
corresponding outer muscle, its line of origin extending from about the 
middle line to the lateral margin, the fibres converging sinistrad to their 
insertion on the left hook of the apophysis of the right phallomere. 

The left muscle is a thin flat sheet of much finer fibres than the right 
muscle, arising on the anterior margin of the sternum, left of the middle 
line, its fibres converging to their insertion on a thinly sclerotized area 
on the dorsal surface of the base of the left phallomere, close to the 
mesal margin. 

Additional muscles of the right phallomere, not connected with the 
ninth sternum are: 

227. Protractor of the copulatory process (figs. 16, 18, 19). 

A bundle of parallel fibres arising on the basal rim of the right 
phallomere, which forms a sheath for the copulatory process, and 
passing forward to its insertion on the left hook of the apophysis. 
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228. Depressor of the accessory sclerite of the right phallomere (figs. 18, 19). 
Arising on the left hook of the apophysis, its divergent fibres inserted 

on the accessory sclerite, the thickest part being attached to the right 

extremity, which forms the base of the free external process. 


MUSCLES OF SEGMENT 10 AND TERMINAL PARTS 


229. Abductor of the cercus (figs. 10, 18, 21, 23). 

A relatively broad flat group of fibres arising along the anterior 
margin of the lateral wall of the tergum of segment 10 and extending 
caudad along the inner surface of the tergum to its insertion on the 
lateral margin of the base of the cercus. 


230. Levator of the cercus (figs. 10, 18, 21). 

A small flat muscle arising mesally on the tergum of segment 10, its 
fibres converging laterad to their insertion on the dorso-mesal margin 
of the base of the cercus. 

231. Adductor of the cercus (figs. 10, 18, 21, 23). 

Arising latero-dorsally on the basal part of the tergum of segment 10, 
its fibres converging slightly to their insertion on the mesal margin of 
the base of the cercus just below the insertion of 230. 

232. Adductor of the paraproct (figs. 8, 10, 21, 22). 

A bundle of parallel fibres arising dorsally on the tergum of segment 
10, mesad of 231 and somewhat anterior to its origin, passing ventro- 
caudad beneath 230 to its insertion on the mesal edge of the paraproct 
close to its junction with the epiphallus. 

The dilators of the rectum have not been satisfactorily studied and 
will be considered, if possible, in a later section dealing with the 
digestive system. 

The following muscle occurs in the male only. 

233. Tergo-sternal muscle of segment 10 (figs. 17, 18, 19). 

A relatively large muscle having a wide origin on the upper trans- 
verse sclerite (which appears to belong to the sternum of segment 10). 
Each muscle is composed of a stout compact proximal part in which the 
fibres are somewhat twisted, and a more slender distal part with parallel 
fibres, the fibres being apparently bound by connective tissue at the 
junction of the two parts. The two muscles are confluent proximally 
but the fibres of each pass caudo-laterad to their insertion on the lateral 
walls of the tergum of segment 10, just beneath 228. Doubtless these 
muscles play some part in the copulatory mechanism since they are not 
present in the female, but their exact function is obscure. 


DISCUSSION 


The exoskeleton and musculature of the abdomen of Grylloblatia 
present several features in which it is more primitive than other 
orthopterous forms. These are as follows: 

(1) The first segment is not reduced and is not fused with the 
metathorax but is freely movable, its muscular connections with the 
metathorax being similar to those with the second abdominal segment. 
Associated with this feature is the presence of a distinct third spina, as 
described in the third part of this series (Walker, 1938). 
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(2) In the female there is no enlargement of either the seventh or 
eighth sternum to form a specialized subgenital plate. In the Blattaria, 
Mantaria and Isoptera the seventh sternum is enlarged and the eighth 
reduced, while in the Phasmaria and Saltatoria the eighth is enlarged. 

(3) In the male there is a pair of movable styligerous coxal plates or 
limb bases articulated with the hind margin of the ninth sternum. 
These are the male homologues of the third valvulae of the female and 
are moved by a pair of flexor muscles which appear to be homologous 
with the superior tergal muscles of the third valvulae. In other 
Orthoptera the coxal plates are fused with the sternum of segment 9, 
forming a coxosternum which may or may not bear styli. 

(4) While the cerci of certain orthopteroid groups are multi- 
articulate (Blattaria, Mantaria, Isoptera) they are more or less reduced, 
with relatively little mobility of the segments, whereas those of Gryllo- 
blatta are more elongate and flexible, recalling the cerci of certain 
Plecoptera and the Thysanuran genus Campodea. 

A fifth primitive feature, shared with the Blattaria and Mantaria, is 
the simple bilobed structure of the phallus (Snodgrass, 1937) and the 
lack of any differentiation of an aedeagus. 

Mention may be made also of the large exserted ovipositor, which 
recalls that of the more primitive Saltatoria of the suborder Ensifera, 
but is less specialized in so far as the valvulae are less coherent, the 
third pair being apically separate and projecting distinctly beyond the 
other pairs. The absence of the inferior intervalvula and the imperfect 
development of the superior intervalvula are probably secondary features. 

Specialized features of the abdominal wall and genitalia of Gryllo- 
blatta are (1) the presence of an eversible sac on the sternum of segment 1, 
recalling the paired structures of this type found in Thysanura and 
Symphyla; (2) the complex asymmetrical copulatory mechanism of the 
male, which involves the coxal plates, phallomeres and the tergum of 
segment 10. Claspers appear to be formed by the right coxal plate and 
the left tergal arm of segment 10, while the broad left coxal plate serves 
as a subgenital plate. Most of the left phallomere is modified into a 
long coiled retractile membranous sac of unknown function. The asym- 
metrical modification of the phallomeres and their oblique position in 
relation to each other, together with the lack of differentiation of an 
aedeagus, strikingly parallel the similar modifications in the Blattaria 
and Mantaria, but are not regarded as evidence of direct phylogenetic 
relationship to these groups. 

The musculature of the body wall is in some respects primitive, in 
others it gives evidence of reduction. The inner dorsal and ventral 
muscles exhibit a primitive condition in so far as they form with the 
corresponding thoracic muscles continuous sheets of parallel fibres 
extending to the bases of the paraprocts and interrupted only by their 
regular segmental attachments. Ford (1923) has pointed out that the 
arrangement of the inner dorsal muscles, which form an unbroken 
median band, is most like that of the Blattaria, while the lateral position 
of the inner ventral muscles, which are widely separated mesally, 
recalls the Saltatoria. The outer dorsal and ventral muscles are also 
more like those of the Saltatoria in being divided into a few small 
isolated bundles, but are also greatly reduced or even vestigial. The 
lateral group of the outer ventral muscles is perhaps the homologue of 
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the sterno-pleural of the Blattaria. The transverse ventral muscles 
commonly present in the Saltatoria appear to be absent in Grylloblatia, 
as are also the paratergal muscles. 

The lateral muscles are somewhat feebly developed, as would be 
expected in an insect in which respiratory movements are lacking. The 
complete absence of spiracular muscles is especially noteworthy in this 
connection. In its lateral muscles Grylloblatta is most like the members 
of the suborder Ensifera of the Saltatoria, as indicated by comparison 
with the figures of Ford (1923) and Ander (1939). It resembles most 
of the forms figured by these authors in having two intrasegmental 
tergo-sternal muscles, a smaller anterior and a larger posterior. The 
intersegmental tergo-sternal muscle is found in most of the Gryllidae 
but not in the Tettigonioidea. In the Gryllidae it is generally divided 
into dorsal and ventral parts, the two meeting at an intermediate line 
of insertion on the pleuron. Nemobius, however, resembles Grylloblatta 
in lacking this pleural insertion. A similar pleural insertion is generally 
present also in the third intrasegmental tergo-sternal muscle, when this 
is fully developed. e. g., in Gryllus, Nemobius (Ford, 1923) and Endocous 
(Ander, 1939). When the ventral part of this muscle is lacking, as in 
Oecanthus and Grylloblatta, the dorsal part becomes the tergo-pleural 
muscle. Sterno-pleural muscles appear to be constantly present in 
the anterior half of the segment, as in Grylloblatia, but are sometimes 
subdivided into two or more groups of fibres. 

In its lateral muscles Grylloblatta shows less resemblance to the other 
orthopteroid groups than to the Ensifera. The highly developed muscles 
of the Acrididae, as described by Snodgrass (1935) need not be used 
here as a basis for comparison, since this family represents another 
branch of the Saltatoria, much more specialized than the Ensifera. 
Typical segments of the phasmid Megacrania resemble those of Gryllo- 
blatta in the presence of small intersegmental tergo-sternal muscles with 
similar connections (Maki, 1938), but the long series of short tergo- 
sternal and tergo-pleural bundles have little in common with the 
muscles of Grylloblatta. In the Blattaria the lateral muscles are reduced 
in number but more specialized. Only the posterior tergo-sternal is 
well developed, the anterior being sometimes, if not usually, absent. 
The intersegmental tergo-sternal is much stronger and more oblique 
than in the other groups mentioned, its tergal attachment being much 
farther forward. There is no tergo-pleural muscle and the only sterno- 
pleurals are oblique intersegmental muscles, which are inserted on the 
so-called pleural plates of the segment following the one on which they 
take origin. 

The muscles of the ovipositor are most like those of the Ensifera, as 
would be expected, but differ in the place of origin of the tergal muscle 
of the first valvula which is on the lateral apodeme of segment 9 instead 
of the lateral apodeme or antecosta of segment 8. Muscle 217 is 
peculiar to Grylloblatia, so far as known. 

The attachments of the inner ventral muscles to the valvifer in 
Grylloblatta confirm the view that this sclerite is a part of the ninth 
sternum. The muscles of this series that arise on segment 7 are inserted 
on the antecosta of segment 8; the following pair, arising on segment 8, 
are inserted on the valvifer; and the last pair, arising on the valvifers, 
are inserted on the bases of the paraprocts. 
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In Ceuthophilus, according to Ford, the arrangement is similar except 
that the muscles arising on segment 8 are inserted on the inferior inter- 
valvula, although the last pair arises on the valvifers and is inserted on 
the bases of the paraprocts as in Grylloblatta. In this arrangement the 
strict continuity of the series is broken by the insertion of one of the 
pairs on the inferior intervalvula, although the latter, like the valvifer, 
is a part of the ninth sternum. 

In Gryllus the muscles arising on the seventh sternum are united 
with those of the eighth, the composite pair thus formed being inserted 
on the sclerite that has been generally regarded as the valvifer (Snod- 
grass, 1935; Walker, 1919). According to Ford, however, this sclerite 
is a composite of the valvifer and the basivalvula and this view appears 
to be correct for the following reasons: 

(1) Unlike the valvifer of Grylloblatta and the Tettigonioidea it 
extends forward upon the 8th segment in the otherwise membranous 
region at the base of the first valvula, and this anterior part is delimited 
from the posterior part, which lies within the 9th segment, by an internal 
ridge in the intersegmental line. These parts are well illustrated by 
Snodgrass (1935, p. 50, fig. 21) in various Gryllidae. The anterior part 
of this sclerite in our opinion, is the basivalvula and is evidently the 
same structure as the part labelled 1 Vif (First Valvifer) in Snodgrass’ 
figure (21 D) of the ovipositor of a young nymph of Neoconocephalus. 

(2) The muscle termed by Snodgrass ‘‘tergal muscle of the first 
valvifer’’ is inserted on the anterior process of the basivalvular part of 
the composite sclerite, and this muscle is apparently the homologue of 
No. 216 of Grylloblatta, which is inserted on the basivalvula. 

The posterior part of the basivalvula-valvifer, labelled ‘‘y” in 
Snodgrass’ figures, lies in the 9th sternal region and is the true valvifer. 
The small lateral sclerite ‘‘x”’ of the 9th segment may also be fused with 
the valvifer, as shown in Snodgrass’ figures of Neoxabia and Cyrtoxipha, 
but appears to be a special feature of the Gryllidae. In Grylloblatta, in 
which the valvifer is free from neighbouring sclerites, it appears very 
clearly in the last two nymphal instars as the lateral part of the ninth 
sternum. This interpretation is further confirmed by the articulation 
with this sclerite of the nymphal coxal plate which becomes the third 
valvula. 

The internal ventral muscle of Gryllus arising on segment 7 is not 
inserted on the valvifer as here interpreted but on the basivalvula. 
This we believe to be a secondary shifting of this muscle’s insertion, 
associated with the fusion of the two sclerites into a single functional unit. 

One other form, Gryllotalpa, may be mentioned as giving further 
evidence that the valvifer is of ninth sternal origin. In association with 
its subterranean habits the ovipositor of Gryllotalpa has wholly disap- 
peared and the 9th sternum has regained its primitive form, resembling 
that of the male. Accordingly the internal ventral muscles have 
resumed their primitive relations, and here we see clearly (v. Ford, /. c., 
pl. XV, fig. 24) that the muscles arising on segment 8 are inserted on 
the antecosta of segment 9 and these are followed by well-developed 
muscles extending from the antecosta of segment 9 to the bases of 
the paraprocts. 

With regard to the muscles of the male terminalia the most significant 
feature is the presence of muscles arising on the ninth tergum which 
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function as flexors of the coxal plates. These appear to be the male 
representatives of the superior tergal muscles of the third valvulae of 
the female. Grylloblatta is the only known orthopteran in which these 
muscles occur in the male, since in other Orthoptera the coxal plates are 
fused with the ninth sternum. There are no muscles inserted on the styli. 

The complex and asymmetrical muscles of the phallus are chiefly 
concerned with the movements of the large copulatory hook developed 
from the right phallomere. They are divisible into two groups, those 
arising on the ninth sternum and those whose attachments are wholly 
within the phallus itself, the latter being restricted to the right phallo- 
mere. No attempt has been made to compare these muscles with the 
phallic muscles of other Orthoptera, since the special features of the 
phallus of Grylloblatta have probably arisen independently of other 
orthopteroid groups. 

The modifications of the tenth segment of the male as part of the 
copulatory mechanism appear to be unique among the Orthoptera. 
The specialization of a part of the left inner dorsal muscle for insertion 
on the base of the left tergal arm is noteworthy, as is also the presence 
of the muscles which have been doubtfully interpreted as tergo-sternals 
of the tenth segment. 


CONCLUSIONS 


The present study of the abdominal exoskeleton and musculature of 
Grylloblatta has not materially altered the views long held by the writer 
concerning its phylogenetic relationships. There seems to be no reason 
to doubt that its nearest affinities are with the most primitive repre- 
sentatives of the suborder Ensifera, as stated by Crampton (1927).? 
We are not prepared, however, to include the Grylloblattidae in the 
same suborder as the Ensifera, as proposed by Crampton (l/. c.) and, 
doubtless independently, by Handlirsch (according to Ander, 1939), 
and Weber (1933). According to this view the Caelifera, which include 
the remaining families of Saltatoria, are more widely separated from the 
Tettigonioidea and Grylloidea than are the Grylloblattidae, a point of 
view that ignores the many important differences which exist between 
the Grylloblattidae and the Saltatoria as a whole, e. g., the very different 
type of phallus and the persistence of many primitive characters that 
are not found in any of the Saltatoria. Admitting that the Ensifera and 
Caelifera are widely separated and that the former ‘‘as a separate stock 
can be traced as far back as the Upper Carboniferous” (Zeuner, 1939), 
we concur with Ander’s view that the Grylloblattidae should be treated 
as a group apart from the Saltatoria. Whether it should be given ordinal 
rank, however, is largely a matter of convenience and will not be 
discussed at the present stage of our investigation. 

As to Grylloblatta’s relationships with the other orthopteroid orders, 
little need be said at present. It shows little resemblance to the 
Phasmaria in the abdominal musculature, although sufficient similarity 
exists in the external features of the terminal segments (Walker, 1919, 
1922; Snodgrass, 1937) to warrant a fairly close association with this 
group. The blattoid complex is also definitely farther removed from 


Crampton uses the term Euorthoptera for the Ensifera together with 
Grylloblattidae. 
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Grylloblatta than are the Saltatoria. There is the similarity in the 
phallus and the retention in both groups of such primitive characters as 
the segmented cerci and the broad continuous layers of the inner dorsal 
and ventral muscles, but the special features of the blattoid groups, 
such as those of the lateral muscles and the genital segments, are quite 
different from the corresponding parts in Grylloblatta and indicate a 
different line of descent. 
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THE GENUS THYRIDIA 
(Lepidoptera, Ithomiinae) 


WM. T. M. FORBES, 


Department of Entomology, Cornell University, 
Ithaca, New York 


The genus Thyridia (Methona) is in complete confusion in the 
majority of American collections, primarily because there are three 
species which show practically no distinction in color and pattern nor 
in distribution (see map), while within each there is parallel variation 
in the ground tint. The other two familiar species show tangible dif- 
ferences in pattern and have generally been correctly determined, though 
one is very close in structure to a member of the first three. Of these 
three, one is new, and in its highland Ecuador race is larger than any 
Ithomiid hitherto known; and we describe two further species from a 
couple of females in our collection and a male in the Carnegie Museum 
collection, that are even larger. 

D’Almeida has recently (Rev. de Ent., 11: 760, 1940) proposed the 
new genus Gelotophye for mystica, one of the three confusion species, but 
the new ones fit so exactly between it and confusa that it can certainly 
not be held as a genus. Possibly it may remain as a subgenus on the 
basis of the modified last tergite and very long saccus and aedoeagus, but 
if so the new grandior must be added to it. 

I have already published a note on the relationships of this genus 
(Ent. News, 52:1, 1941), which with the very similar A protopus forms 
a transition between the two main groups of Ithomiinae. It differs 
from A protopus by the ‘“‘trifid’’ cubitus of ‘hind wing, from all other 
Ithomiinae by the large size and Ituna-pattern, honey yellow with heavy 
black borders and two (rarely only one) black bands across the fore 
wing and one or none across the hind wing. In connection with pub- 
lished descriptions, and particularly Fox’s key to females (Trans. Am. 
Ent. Soc., 66: 174, alternative 23) note that the female hair-pencil is 
not really diagnostic of the genus, but is limited to psamathe and confusa, 
singularis, grandior, and possibly maxima; in mystica and nigerrima 
there is no pencil, though Sc is more sinuous than usual in Ithomiine 
females. 

I acknowledge help from various collections and entomologists whose 
material has been studied, either directly or through Mr. Fox, and 
particularly Mr. N. D. Riley of the British Museum. I owe him for 
information on the identity of several names, and also for a large amount 
of data on distributions, without which the map would have been 
much more fragmentary. I much regret that conditions of travel 
have prevented a closer collaboration. In the matter of the name 
curvifascia I have not followed him (in lit.). Riley would apply it to a 
series of properly marked specimens of mystica in the British Museum 
from the Upper Amazon, but we have no material of this pattern from 
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near the type locality (eastern Ecuador) and parallel forms of confusa or 
even grandior cannot be excluded. If the type should turn out to be an 
aberration of mystica or grandior, it would take priority, and the cor- 
responding normally colored specimens would have to fall to the status 
of a var. norm. 

The following key is based on characters that can be seen without 
dissection. The figures show a few further genitalic characters, notably 
the long saccus and lobed valve of mystica! and the very long aedoeagus 
of both mystica and grandior. In d’Almeida’s paper (op. cit.) he refers 
by some accident to the eighth tergite as ‘‘tegumen’” and calls the uncus 
absent. In fact the tegumen, while slender and not heavily chitinized, 
is perfectly distinct, and bears a small but distinct uncus. This is a mere 
hairy knob in the majority of species, but in mystica it is a little larger 
and emarginate (fig. 4) while in the new maxima it is quite well developed 
and deeply bifid (fig. 1). 


KEY TO SPECIES 


1. Abdomen yellow beneath, striped with black, costa of hind wing yellow, not 
cut with black at humeral vein, border of hind wing even and not broad, 
with no trace of a black band across the wing (Pernambuco etc.)°. . singularis 

Abdomen black beneath with a double row of white spots, at least on ter- 
minal segments, above also with conspicuous white spots, and the yellow 
limited to a narrow lateral line; costa of hind wing heavily black over 
humeral vein or more extensively, even wholly, black; hind wing with a 
black band across it at end of cell, or at least a tooth at Cur.............. 2 

2. Male; fore tibio-tarsus white and reduced to two minute segments.......... 3 

Female; fore tibia slender, black, the tarsus enlarged and distinctly segmented. .9 

3. Bar across end of cell of fore wing right-angled over angulation of disco- 
cellulars, its continuation to outer margin leaving a hyaline spot in upper 
outer angle of cell Cu:, and all black markings very narrow, the outer 
margin around anal angle hardly narrower than the rest; male fore 
tibio-tarsus longer than femur and trochanter together; R: free, but last 
ae IND MII 66.655 55:65 cK de kai s Kade s nce bree caer onde maxima 

Bar across end of cell thicker and straight, its continuation reaching border 
at vein Cu, or higher; border at anal angle much narrower than bands 
across cell; male fore tibio-tarsus (with one exception) shorter........... 4 

4. Fore wing with Sc and R: anastomosing (one exception seen); yellow costal 
spot on hind wing below practically in contact with humeral vein; eighth 
tergite short and shallowly truncate, leaving most of valves exposed 
CD yx soy 5 40:05 6 soo e545 a bade Mh RCRD KOK a SN ae PORDAS CREE LESS 5 

Fore wing with Sc and R; separate; yellow costal spot of hind wing smaller, 
not nearly reaching humeral vein; last tergite much enlarged and hood- 
like, covering apices of valves (Gelotophye)......... cc ccc cece cece ee eeees 8 





1The lobe on the valve is often exposed in specimens of mystica in which the 
two spines of the eighth tergite are tucked in, giving a resemblance at first glance 
to confusa. 

2I follow Pierce’s restriction of this term to the ninth tergite, excluding the 
uncus, and believe d’Almeida intended the same. The term goes back to Hubner, 
1820 (as ‘‘tegmen’’). I assume Buchanan White failed to give Hubner credit in 
reviving it with the spelling now current (1877), for more or less the same reason 
that he writes a few pages further on: ‘‘it need hardly be remarked that the genera 
[Scudder’s], as Hibnerian, are of no value’! 

3Sex structures not examined, perhaps primitive or similar to maxima. The 
upper side of the abdomen is normally solid black, but a specimen in the Reading 
Museum shows white subdorsal dots. 
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5. Hind wing below with upper edge of discal cell and of cell M, overlaid with 
white scaling; antemedial bar of fore wing typically oblique and nearly 
parallel to outer fascia, running through to costa; black in base of cell 
Cu of fore wing running out along vein Cuz a third way to margin; 
hind wing with transverse fascia at end of cell weak or absent, typically 
represented by a triangular extension of the black border along vein Cu; 
(themisto) 

Hind wing below without white scaling along costal side of transparent areas; 
transparent area below cell of fore wing running in practically to base of 
cell Cuz; normally with a black band across cell of fore wing perpendicular 
to costa and a complete band across hind wing (confusa) 

Bands broader, vein-lines narrower (Bahia)..................... t. megisto 

Bands narrower, vein-lines broader (Pard‘ to Argentina)......... t. themisto 

Black band across cell of fore wing incomplete or absent; bands at ends of 
cells less than 2 mm. wide (Ecuador to northern Peru)........ c. psamathe 

Black band across cell of fore wing complete and strong, the other bands 
more than 2 mm. wide (Colombia to Bolivia and Pard)....... c. confusa 

Last tergite ending in two subdorsal chitinous teeth 

Last tergite ending in enormous rounded lateral lobes, each bearing a 
white patch grandior 

Hind wing with a hair-pencil in upper part of cell, as in male, though weaker, 10 

Hind wing without hair-pencil; Sc and R; free ll 

Fore wing with Sc and R; anastomosing (themisto and confusa) 

Fore wing with Sc and R; free; a larger species gr 

Vaginal plate in a deep concavity, over 1 mm. across; the 7th sternite 
heavily bristled in front of it 

Vaginal plate showing a narrow ridge in front of vaginal opening, and 
heavily bristled behind it; 7th sternite very lightly bristled 


T. themisto Hbn. 
Figures 7, 8, 9 


Lower Amazons to northern Argentina and Uruguay. Race megisto 
is normal from Bahia, and Riley reports it to me from Maranham, while 
the specimen or two I have seen from Para approach the type form 
from Rio and south. The distribution of the species is that of Danaus 
erippus, plexaure and gilippus—common in southern Brazil, and 
reaching its limit just around Para. 


T. confusa Btl. 
Figures 13, 14 


This was intended to be a substitute name for psidii Cr. nec L. 
(i. e. grandior), but fortunately a type was cited from Tapajoz, and 
fixes the name for the more familiar species. Psamathe G. & S. was 
based on lightly marked specimens which had lost the bar across the 
cell. If we widen the name to include specimens with more or less 
distinct bar, as Talbot did in describing the synonym denigrata, it may 
be treated as a race in the eastern Andes from Ecuador to northern 
Peru. It intergrades eastward in Ecuador with the typical form. 

The female can be easily separated from all but the preceding species 
by the vaginal plate, which is pointed in front and preceded by a high 
bristly eminence of the 7th sternite, and is widened behind, where the 
following species are all narrowed by the 7th sternite swinging around 


‘Par4 specimens approach ¢. megisto. 
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and nearly meeting behind it. Since the map was drawn I have recog- 
nized females in the National Museum from near Santa Cruz, Bolivia 
and Vallicito, Argentina, which extend the range substantially. They 
have nearly the pale Bolivian coloring. 








DISTRIBUTION RECORDS FOR THYRIDIA 


T—themisto M—mystica 
Tx—t. megisto ®—ygrandior 
C—confusa S—singularis 
Cx—c. psamathe *—maxima 


Confusa also varies racially in the ground color. In typical spec- 
imens the hind wing is bright yellow, visibly brighter than the fore 
wing, which is also decidedly yellow. We have specimens from 
Ampiyact, near Pebas, and Borba, Amazonas, La Chorrera, Putumayo 
District, and San Nicolas to AzupizGi, Camino del Pichis, Central 
Peru—all at low altitudes; but a block of four specimens from the Rio 
Songo, Bolivia (Fassl) are much paler straw color, with the hind wing no 
darker than the fore wing. Unlike psamathe, the black markings of 
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this form are not reduced, and unlike the corresponding form of grandior, 
specimens are no larger than the typical race. We do not know if this 
is a race or an ecological ‘‘subspecies.” Other Bolivia specimens 
approach the typical coloring. 


Thyridia maxima new species 
Figures 1, 2, 3 


Markings fundamentally as in other species of the genus, the bar 
across cell of fore wing and across end of cell and Cu, of hind wing 
being narrow but even, with no tendency to interruption. Body 
marked as in confusa and mystica, including the black under side of 
abdomen with white subventral spots. Yellow on club of antenna 
the shortest of any specimens at hand (7 segments, against 9 to 12), 
but perhaps variable. 

Wings deep honey yellow, as in psamathe, darker than in the 
remaining species; markings black, rather even in width on the 
whole, the outer border thickened to twice its width at apex and 
below Cu, as usual, but not thinned around anal angle, being 14 
mm. wide at the narrowest. Inner border filling cell Cu out to the 
fork of vein Cu, then abruptly narrowed to less than half width of 
cell, and tapering to anal angle (unlike the other species); bar across 
cell 2 mm. wide, stopping at R, at end of cell about the same width, 
starting from costa, right-angled on discocellulars (unique), sharply 
toothed out on M;, then running diagonally across Cu; to border, 
widening gradually to border as usual, but not filling outer angle of 
cell Cu; (unique). Hind wing of the same deep honey yellow, the 
border slightly wider, as usual, but leaving a wide postmedial hyaline 
yellow area in Cell R, where themisto is opaque white below, and the 
other species are black (unique); bar across end of cell nearly 2 mm. 
wide at narrowest, a little widened at lower angle of cell, and gradually 
but greatly widened to inner margin as usual. Under side similar, with 
the usual submarginal white spots; hind wing with a small white 
humeral spot, a small white and yellow dash beyond humeral vein and 
the upper edges of the hyaline areas finely edged with white. Expanse 
95 mm. 

Fore tibia and tarsus rather distinct, together definitely longer 
than femur with trochanter (unique) and contrastingly white; fore 
wing with R, free; female hair-pencil unknown, (most probably 
present as in singularis); male genitalia (figs. 1-3) distinctive. Last 
tergite (fig. 3) very large, but not specially sclerotized, not covering 
the genitalia proper; uncus large for the genus, deeply bifid, with two 
separate hairy tufts on the lobes; transtilla broad and irregular, but 
not well sclerotized; juxta roundly emarginate, as in grandior; valves 
widening greatly to apex, where they are irregularly and obliquely 
truncate, with a small but sharp apical hook. Saccus and aedoeagus 
about mid-proportional in length between themisto or confusa and 
grandior. 


A very distinct species combining the primitive features of typical 
Thyridia and Gelotophye, with some additional ones of its own. 
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Incachaca, Bolivia, March 1921, alt. 2500 M., J. Steinbach; type 
male in coll. Carnegie Museum. I cannot find this place on the map, 
but it is doubtless near Cochabamba, and is the highest from which I 
have seen any Thyridia. 


Thyridia nigerrima new species 
Figure 15 

Markings as in other species of the genus, very heavy and even in 
breadth. Bar across cell very thick, 3 mm. broad, much extended 
basally in cell Sc and not crossing Sc; bar at end of cell 5 mm. broad, 
a little narrowed below cell; border continuing broad to anal angle, 
where it is still 3 mm. broad, a little narrower just above where the 
band across cell joins it. Inner margin black up to cell as far as fork 
of Cu, then sharply narrowing to anal angle, where there is only 
transparent smoky scaling above A just before the outer border. 
Hind wing with border broad, the bar at end of cell equally broad, 
and widening strongly to its junction with border. Under side sim- 
ilar, with the usual white admarginal spotting, costa of hind wing solid 
black with no yellow beyond humeral vein (unique) and the single 
white basal spot small. Expanse 95 mm. 

Female genitalia (fig. 15) with vaginal plate transversely elliptical, 
over 1 mm. wide, concave, with the vaginal opening at its middle 
(unique) ; 7th sternite large, not much bulging, heavily bristled, enclos- 
ing the plate even more closely behind than in mystica. 


This may possibly be the female of maxima; it is equally large, and 
its structures show a similar position, intermediate between confusa and 
grandior on the whole; but the black pattern is much heavier, and this 
does not vary sexually in other species of the genus. The solid black 
costa of hind wing and deep bowl-shaped, symmetrical vaginal plate 
are unique. 

Enefias to Dos de Mayo, Camino del Pichis, Peru, alt. 2000 M., 
July 5, 1920 (Forbes), holotype in coll. Cornell University; paratype 
from Enefias, July 4, both females. 


T. mystica Zikan 
Figures 4, 5, 6, 17 


To an amazing degree a doublet of confusa, in spite of differences of 
structure so great that d’Almeida would make a separate genus. They 
are identical in size, color and pattern, and even in having the same 
form with yellow hind wing over the main range and a pale race in 
Bolivia (Coroico and Rio Songo). So far as data can be trusted the 
ranges are also identical, for our record of mystica from Villavicencio, 
R. Meta, Colombia can be matched by the British Museum’s confusa 
from “Llanos de la Rio Meta,’’ and the National Museum has both 
taken from the vicinity of Santa Cruz, eastern Bolivia (not plotted on 
the map). Chapada, Matto Grosso (Nat. Mus., not plotted) and Jatahy, 
Goyaz (Brit. Mus.) are beyond our known records for confusa, but only 
the latter is a place where themisto would rather be expected. As with 
confusa the Bolivian pale race is not pure, our specimen from the Rio 
Songo being a little yellower than the confusa from the same place. 
Both species are also found on the Lower Amazon, but not farther east. 


The Genus Thyridia Pirate I 
Wm. T. M. Forbes 


Figures 1-3. Thyridia maxima, new species, holotype. 1. Male genitalia 
opened from ventral side, with aedoeagus removed. Uncus and juxta stippled. 
2. A€doeagus. 3. Posterior portion of eighth tergite, unrolled. 4-6. Thyridia 
mystica, the transtilla is also stippled, and valves less expanded, to show ventral 
lobe. 7-9. Thyridia themisto, same structures as in figs. 1-3. 10-12. Thyridia 
grandior, new species, holotype; same structures as in figs. 1-3. 13. Thyridia 
confusa, apex of left valve. 


All the drawings are made to the same scale with the projection microscope. 
Asymmetries are due to the copying of slight distortions of the mounts, the species 
being symmetrical. 
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The slightly bifid uncus was overlooked by Zikan (fig. 4). The 
female genitalia are unique in having a dense double tuft of setae on 
the vaginal plate behind the vaginal opening (fig. 17). 


Thyridia grandior new species 
Figures 10, 11, 12, 16 


Markings in general identical with T. confusa and mystica, the 
following differences being true at best on the average. Black 
pattern rather heavier, the bar across cell normally about 4 mm. thick 
and the one at end of cell 6 mm. thick down to lower angle of cell, 
then abruptly narrowing in the majority of specimens. First band 
running through to Sc as a rule (commonly stopping at R in confusa 
and mystica). Band of hind wing typically constricted below cell, 
but in Andean specimens of nearly even width. Under side with 
yellow postmedial scaling absent above vein M,, like most specimens 
of mystica and nigerrima, unlike themisto, confusa, and maxima. 
Female with a small white dash on lateral edge of tergite, representing 
the lateral yellow stripe, unlike the residue. Expanse 76-97 mm., 
typical and Peruvian specimens with average male 84 mm., female 
90 mm., the Ecuador race o&' 88 mm., 9 95 mm. 

Male fore tibio-tarsus fluctuating in length from two-thirds as 
long as femur to rather longer, 1.2 to 1.8 mm. Hind wing with Sc 
and R approaching rather more closely than in mystica, correlating 
with the presence of the hair-pencil. Male genitalia (figs. 10-12) in 
resting position completely covered by the slightly lengthened last 
sternite below and two enormous lateral flaps of the last tergite 
above, the white patches on the latter lower on the side than in other 
species. Uncus small, knob-like, but a little more sclerotized than 
confusa and mystica, with a broadly expanded sclerotized base; valves 
bluntly bifid at tips, without the subbasal lobe of mystica, juxta 
fitting the aedoeagus more neatly than in confusa and mystica, saccus 
only two-thirds as long as in mystica and much stouter, but more than 
twice as long as in themisto and confusa. A®doeagus as in mystica. 

Female with a distinct hair-pencil. Vaginal plate (fig. 16) nearly 
round in superficial view, its front edge swollen and glossy, the 
posterior part sunken and continued laterally in a pair of transverse 
sclerotized grooves; 7th sternite densely scaled and bristled, elongate 
and convex, but without the overhanging knoblike structure of 
confusa and themisto. 


On coloring there are three distinct races, but two of them intergrade, 
and will not be separately named at present. 

A. T. g. grandior—Guiana and Amazon Basin to eastern Peru: St. 
Laurent; French Guiana, holotype and paratype o in Cornell Univer- 
sity collection; Mana, French Guiana, June, 1917, o (Carnegie 
Museum); also three specimens from Mus. Comp. Zool. and one from 
Nat. Mus. without localities. This race is yellow, with hind wing much 
brighter than fore wing and transverse band of hind wing sharply 
constricted below cell. 

B. Ground paler and more even yellow, transverse bands of fore 
wing narrower and the outer less constricted at lower end of cell; band of 


The Genus Thyridia Piate II 
Wm. T. M. Forbes 


Ductus 


Bursae 


Last sternites and vaginal plates of females. The four figures are drawn 
as projected, and at the same scale. Figure 14. Thyridia confusa. 15. T. 
nigerrima, holotype; a, spermatophore. 16. T. grandior. 17. T. mystica. 
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hind wing of even width. Eastern Andean Valleys of Peru, intergrading 
with the preceding. Paratypes: Balsapuerto, Rio Paranapura, Peru, 
June 1935, Klug (Reading Museum); Achinamiza, Peru, Oct. 24 (Read- 
ing Museum); Rio Santiago, Peru, Nov. 12, 1924, Bassler (Amer. Mus. 
Nat. Hist.); Rio Urubamba, Feb. 17, 1929, Bassler (Amer. Mus. Nat. 
Hist.); Upper Rio Napo Basin, Jan.-Feb. 1931, Bassler (Amer. Mus. Nat. 
Hist.); Upper Rio Marafion, Oct. 2, 1924, Bassler (Amer. Mus. Nat. 
Hist.); “Brazil,” without authentic data and probably in error, pair, 
(Amer. Mus. Nat. Hist.). Also a pair from middle Rio Ucuyali, Peru, 
Jan. 21, 1927, Bassler, and a female from the Rio Alto Jurud, E. May 
(Amer. Mus. Nat. Hist.) transitional to the type race, with the light 
marking and even transverse band of hind wing of this race and the 
bright hind wing of the type. 


C. T. g. incana, new race. Ground white with the faintest yellow 
tint, the hind wing more heavily scaled, but not yellower than fore 
wing; black pattern very heavy, the band at end of cell of fore wing 
of full width to lower angle of cell or even extended out in cell Mz, 
and then abruptly narrowing; on hind wing strong and of even width. 


Mountains of Ecuador only at higher altitudes, the labelled spec- 
imens from 1000 to 1700 M. Puyo, Rio Pastaza, Oriente, Nov. 7, 1926, 
E. E. Loch, male type and two paratypes (Amer. Mus. Nat. Hist.); 
Oriente, MacIntyre, (U. S. Nat. Mus.); Rio Topo, July 15, 1936 (Amer. 
Mus. Nat. Hist.); Hacienda la Mascota, 4500 ft., Rio Topo, Casey 
(U. S. Nat. Mus.); Macas, Oriente (U. S. Nat. Mus.); Rio Lluchin, 
Tungurahua, 1700 M., Sept. 1939, and Rio Arajuno, Oriente, April 30, 
1941 (F. M. Brown); “Colombia” without authentic data (U. S. 
Nat. Mus.). 

Riley also adds the following localities from the British Museum 
collections: yellow races Cayenne, French Guiana, Teffé and Cameté, 
Amazons, Rio Topo, Ecuador, Rio Huambo (so nearly as the label can 
be read), Chanchamayo, Chambirayaci, near Yurimaguas, and the 
R. Ucuyali, Peru; and notes the pale race also from Rio Topo, Ecuador. 
As a whole the distribution runs through the center of that for confusa 
and mystica, not being reported as yet from Bolivia or Goyaz, and not 
from any definite place in Colombia. 


T. singularis Stgr. 

The distinctive pale coloring may be associated with the arid country 
in which it is found; it was originally described from Bahia, but recent 
specimens come from Pernambuco. One in the Reading Museum, 
marked ‘‘Muzo, Colombia” is presumably mislabelled, but the spec- 
imen differs from the original figure and all other specimens I have seen 
by the white subdorsal spotting of the abdomen, as in the rest of 
the genus. 


ON THE SO-CALLED MISCHOCYTTARUS ATER, POLYBIA 
ATRA, AND THEIR RELATIVES 


(Hymenoptera, Vespidae) 


J. C. BEQUAERT, 


Museum of Comparative Zoology, 
Cambridge, Mass. 


Several closely related species of neotropical social wasps are homeo- 
chromic with the so-called Polybia aira de Saussure. Their differentia- 
tion is as yet far from clear and will be discussed in this paper. First, 
however, the involved nomenclature of P. aira and its homonym, 
Mischocyttarus ater, should be cleared up. The prevailing tangle is due 
mainly to a series of errors and subsequent corrections made by de 
Saussure in his Monograph of Social Wasps. As I believe current use 
of these names incorrect, all pertinent evidence is given in full and in 
chronological order. The years refer to the bibliographies in the 
taxonomic discussions of the several species. 

1. Vespa atra Olivier, 1791.—‘‘Vespa atra, alis nigris; petiolo 
companulato. Elle a environ six lignes de long [6 French lines=13.5 
mm.]. Tout le corps est noir, luisant, sans taches. Les mandibules 
sont cornées, dentées, d’un brun ferrugineux luisant. Le pétiole n’est 
pas si long que dans les autres espéces et est un peu renflé a son 
extrémité. Les ailes sont noiratres. Elle se trouve 4 Cayenne.” The 
type is lost. The description is very vague; but, in the Guianas, it 
seems to fit only the wasp called by Ducke and Zikan Mischocyttarus 
ater and at one time descibed by Ducke (1904) as Megacanthopus imi- 
tator. It should be noted, however, that Olivier does not mention the 
whitish tips of the wings characteristic of the most common form of 
this Mischocyttarus. Perhaps he had the form with uniformly blackish 
wings, which I described (1938) from Trinidad as Mischocyttarus ater 
var. uniformis. 

In view of the uncertainty which will always attach to Olivier’s 
name, it is fortunate that it must be discarded in any case as a hom- 
onym of the earlier Vespa (Crabro) atra Gmelin (1790, in Linnaeus, 
Syst. Nat., 13th ed., I, pt. 5, p. 2765). The case is not altered by the 
fact that Gmelin merely renamed Crabro tricinctus Fabricius (1775), 
itself a synonym of Sphecius speciosus (Drury, 1773), a sphecoid wasp. 
As shown below, the earliest valid name for “‘Mischocyttarus ater’ is 
M. socialis (de Saussure). 


2. Polistes ignobilis Haliday, 1836.—‘‘Coeruleus; alis obscure 
hyalinis costa fusca. Long. corp. 534 lin. [534 English lines= 12.1 mm.]. 
Alar. 11 lin. [=23.2 mm.; evidently spread of wings]. Fem. Obscure 
coeruleus. Clypei apex medio productus acuminatus. Mandibulae 
praelongae. Laciniae labii praelongae, apicibus pendulis, glandulosis. 
Segmentum primum infundibuliforme, subpetiolatum. St. Paul’s [Sao 
Paulo, Brasil].”” H.de Saussure saw the type at the Linnaean Society 
in London, where it may yet be preserved. At first (1854) he referred 
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it to the wasp which he described as ‘‘ Polybia atra,” and, I believe, 
correctly so. In the revised Explanation of Plate XXIV, published in 
1858, he wrote, however: ‘‘Le Polistes ignobilis n’appartient pas a ce 
genre [Polybia], mais au genre Montezumia.”” This conclusion was 
certainly not reached after a new study of the type and is plainly 
erroneous. The acuminate apex of the clypeus is not found in any 
species of Montezumia, nor in any other South American solitary vespid 
with which I am acquainted. In the region of Sao Paulo there are only 
two social wasps agreeing with Haliday’s description: the one described 
by de Saussure as “‘Polybia atra,” and Polybia tinctipennis Fox. The 
first of these is by far the more common and, moreover, has a much 
shorter basal stalk to the first segment, fitting better Haliday’s description. 
It also has a frosty pruinosity, sometimes giving a bluish sheen to the 
body (Haliday’s ‘‘obscure coeruleus”), while tinctipennis is more velvety. 
I propose to adopt Haliday’s name for de Saussure’s ‘‘ Polybia atra.” 


3. Polybia atra H. de Saussure, 1854 (description only; not the figure 
cited in the text).—‘‘Nigra sericea; alis fuscis, marginibus hyalinis. 
Q Long. 11 mill.; env. 26 mill. o Long. 12 mill.; env. 28 mill. Ouor. 
Chaperon presque cordiforme, angulaire et arrondi au bas. Corselet 
rétréci en avant; métathorax arrondi; pétiole court, déprimé, en massue 
tronquée. Insecte d’un noir un peu argentin. Abdomen soyeux. Pattes 
noires. Ailes transparentes dans les bords, fortement enfumées a la base 
et le long de la céte; deuxiéme cubitale en trapéze, plus longue que large. 
Male.—Chaperon allongé, pentagone, terminé angulairement et 
portant de chaque cété une ligne argentée. Antennes un peu fer- 
rugineuses en dessous; le premier article orné d’une ligne ferrugineuse ou 
jaune-péle. Rapp. et diff. Trés voisin de la P. socialis. Voyez la 
description de cette espéce. Habite: Le Brésil, les fles du Parana. 
Elles se trouvent en grande abondance, et construisent un nid en carton 
de forme pyramidale, qu’elles suspendent aux arbres.! Elles pour- 
suivent avec acharnement ceux qui touchent a ces nids. Les rayons 
sont disposés a l’intérieur par couches horizontales, et sont percés d’un 
trou au milieu. (Musée de Paris). Rapportée par M. Alc. d’Orbigny 
qui la dit trés commune.” As recognized by Ducke, this description 
clearly refers to a Polybia, not to a Mischocyttarus, and is therefore not 
based on Vespa atra Olivier. De Saussure’s name cannot be used, 
however, for two reasons: (1) it was not based on a new species in the 
genus Polybia, but was a definite misidentification of Olivier’s V. atra; 
(2) the earlier name, Vespa ignobilis Haliday applies to the Polybia 
described by de Saussure. 

In the text (p. 181), de Saussure refers under P. atra to Pl. XXIV, 
fig. 5, which does not show a Polybia, but Olivier’s Mischocyttarus ater 
(=socialis de Saussure). As first issued in 1854,? this plate bore 
engraved the name “ P. ignobilis’”’ for fig. 5, while on the printed Expla- 
nation it was labelled ‘‘ Polybia atra Oliv.” Later, however, de Saussure 


1This was probably not the true nest of Polybia atra, which, according to 
R. V. Ihering and Ducke, appears to be usually built in a cavity underground. 

2According to F. J. Griffin (1939, Jl. Soc. Bibl. Nat. Hist., I, pt. 7, p. 212), 
p. 145-192 of the text and Pl. XXIV were received together at the British Museum 
arch 11, 1854. 
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recognized that his description (p. 181) and his fig. 5 referred to two 
different wasps. In 1858, he issued a new Explanation of Pl. XXIV 
(marked VV in one corner), with instructions to discard the earlier one 
(marked V in one corner).* In this, he now calls fig. 5 Polybia socialis 
Sauss., adding in a footnote: “La Vespa aira d’Olivier est evidemment 
ma Polybia socialis et non ma Polybia aira.”” He now also applies the 
name ‘‘ Polybia atra Sauss.” (not of Olivier) to his fig. 1 (which he had 
called P. socialis in 1854) and he proposes the new name Polybia nigra 
for this wasp. 


4. Polybia socialis H. de Saussure, 1854 (description only; not the 
figure cited in the text).—‘‘Nigra; mandibulis rufis alis nigris, apice 
albidis. 9. Long. 9 mill.; env. 22 mill. Ouvr. Comme la P. aira dont 
elle ne différe que par les caractéres suivants: Mandibules plus courtes, 
rousses. Chaperon plus large en bas qu’en haut, tronqué droit a son 
bord antérieur. Corselet large en avant, finement rebordé. Méta- 
thorax un peu excavé au milieu. Pétiole plus cylindrique, peu élargi 
en arriére. Corps plus noir, ne portant pas de poils argentés. Ailes 
d’un brun presque noir, le bout seulement transparent. Habite: Le 
Brésil (Musée de Paris).’’ As later recognized by de Saussure (1858, in 
corrected Explanation of Plate XXIV), this description was based on 
the true Vespa atra Olivier, which is a Mischocyltarus. Since Olivier’s 
name is antedated, as shown above, this wasp must be called 
Mischocyttarus socialis (de Saussure). 

The text (p. 177) refers under P. socialis to Plate XXIV, fig. 1, which 
is labelled, both on the Plate (engraved) and in the first printed Explana- 
tion (issued in 1854): ‘‘ Polybia socialis.” But in the mew Explanation 
of Pl. XXIV (issued in 1858), de Saussure corrects this to ‘‘ Polybia atra 
Sauss.”’ (not of Olivier), for which he proposed the new name Polybia 
nigra. On the other hand, he now correctly refers his fig. 5 to Polybia 
socialis de Saussure (as described in 1854). 

Ducke (1910, p. 502) states that he saw de Saussure’s types of 
“‘atra’”’ and “‘socialis,” and that those at the Paris Museum agree with 
the figures, while those at the Geneva Museum agree with the descrip- 
tions. In view of the fact that de Saussure himself corrected in print 
the erroneus captions of his figures, I accept his descriptions as defining 
his names. It is beyond doubt that his description of P. socialis was 
based on the Mischocyttarus, while that of P. atra was based on 
the Polybia. 

5. Polybia nigra H. de Saussure, 1858.—As shown above, this was 
a new name proposed for “‘ Polybia atra de Saussure,”’ as described in 
1854 (not of Olivier), and is in my opinion a synonym of Polybia igno- 
bilis (Haliday, 1836). If it were shown, however, that Haliday’s 
Polistes ignobilis was some other wasp, the name Polybia nigra will 
have to be used for this Polybia. 

6. Polybia decepta Fox, 1895. “Entirely of a very dark, almost 
blackish brown, except the mandibles, which are ferruginous, and the 
antennae, which are black, clothed with a sericeous pile; wings: basal 


8All copies I have seen of de Saussure’s work contain either the one or the 
other of the two ‘‘Explanations’’ of Pl. XXIV. I have consulted both. 
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two-thirds of anteriors black, as are also the nervures, on the remainder 
whitish, the nervures yellowish, posteriors blackish throughout; middle- 
segment with a deep, convex depression, extending from base to apex; 
hind coxae very large; medial and hind tarsi with joints 3 and 4 greatly 
extended at apex within, particularly the fourth joint; petiole of abdo- 
men robust, most convex in middle above, before the apex with a 
transverse impression. Length, 15 mm. One specimen, either a 9 
or 8. Easily distinguished by the color of wings, which is exactly as in 
Chartergus apicalis, as in the rest of the insect. It evidently belongs to 
Saussure’s Division Jota, and seems to come closest to P. socialis Sauss. 
from Brazil. Its similarity in color to Chartergus apicalis is really 
remarkable.”’ No locality is mentioned, but the insect came from 
northwestern Mexico, either from San José del Cabo, Lower California, 
or from Tepic, Nayarit; most probably the latter. Mr. E. S. Ross 
informs me (May 14, 1942) that the unique type is at the California 
Academy of Sciences under No. 261. From the description, P. decepta 
is clearly either a synonym of Mischocyttarus socialis (de Saussure) 
(=atra Olivier), or a color form of that species. Possibly the blackish- 
brown, instead of black, color was accidental. I have seen several 
specimens of M. socialis from eastern Mexico (Cordoba, State of Vera 
Cruz), Guatemala (Mocdé near Guatalon; Quirigua) and Costa Rica 
(Aserri); but these are all pure black, with the mandibles either black or 
ferruginous. Some specimens from Brasil, however, show a tendency 
toward brownish-black on head and thorax. The Mexican and Central 
American specimens are often larger than those from Brasil or Peru; 
but after repeated study I was unable to discover reliable structural 
differences to separate them from the Brasilian or typical form. Nev- 
ertheless, if a name were needed for these northern specimens, decepita 
Fox might be available. 

7. Megacanthopus imitator Ducke, 1904.—‘‘?: Chartergo fraterno 
Grib. colore simillimus, ater praecipue capite griseotomentoso, alis 
nigris, apice albis. Thorax subtiliter dense punctulatus et coriaceus, 
pronoto antice truncato, angulis lateralibus distinctissimis, sed rotund- 
atis. Mesopleurae episterno et epimero per sutural parum distinctam 
obsolete separatis. Segmentum abdominale 1." thorace multum 
brevius, segmento 2.° haud longius, supra fortissime convexum, apicem 
versus graduatim dilatatum hic vix duplo latius quam basi, lateraliter 
haud tuberculatum. Longitudo corporis 13-16 mm.—do': ut 9, sed 
antennis ad apicem incurvatis, articulo ultimo distinctissime attenuato. 
Na coloracéo absolutamente igual 40 Chartergus fraternus, do qual se 
distingue facilmente alem dos caracteres genericos pelos ocelli postos 
num triangulo mais largo que alto, os angulos lateraes do pronotum 
mais proeminentes, porem mais arredondados, o thorax todo coriaceo e 
finissimamente pontuado, 0 mesonotum mais comprido, o segmento 
mediano muito mais obliquo, o abdomen em cima menos, porem em 
baixo mais piloso. Belem do Para; Anajas (Ilha de Maraj6), raro. 

The nest was figured on pl. I, fig. 5, where the name “ Polybia imita- 
trix” is used. As was recognized by Ducke himself, M. imitator is 
cospecific with Mischocyttarus socialis (de Saussure). 

Mischocyttarus imitator Zikan, 1935, Arq. Inst. Biol. Veg., Rio de 
Janeiro, I, pt. 3, p. 180, figs. 42, 44, 45, 46 (nest on pl. I, fig. 1), is an 
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entirely different wasp. After seeing cotypes, kindly sent by Mr. 
Zikan, I am inclined to regard it as a color variant of Mischocyttarus 
cassununga (R. v. Ihering, 1903). 


8. Mischocyttarus ater var. uniformis J. Bequaert 1938.—‘‘?. 
Agrees structurally in every respect with M. ater (Olivier), but differs in 
the colour of the wings. The apical third of the fore-wing is not milky- 
white as in the typical form of the species, but infuscated throughout, 
though slightly and gradually paler than the remainder of the wing. 
Trinidad, one 9, holotype.”” I have once more compared the type 
with Brasilian and more northern specimens of M. socialis and can find 
no additional differences. The mandibles and most of the scape are 
ferruginous. As pointed out above, Olivier may have described this 
form and not the more common one. 

It will be seen that some of my conclusions differ from those reached 
by Ducke (1913, Deutsch. Ent. Zeitschr., p. 322; 1918, Rev. Mus. 
Paulista, X, pp. 335 and 351). He uses the specific name “‘aira” for 
both the Polybia and the Mischocyttarus, which is inadmissible under 
the rules. He also lists “‘ Polybia nigra de Saussure’’ as a synonym of 
the Mischocyttarus, while it was explicitly based on de Saussure’s 
description of Polybia atra and his pl. XXIV, fig. 1. 


Mischocyttarus socialis (de Saussure, 1854) 
1. Typical Form 


Polybia socialis de Saussure, 1854, Et. Fam. Vesp., II, p. 177 ( 8; description only. 
not the figure cited in the text; Brasil); 1858, Op. cit., revised printed Explana, 
tion of Pl. XXIV, fig. 5. F. Smith, 1857, Cat. Hym. Brit. Mus., V, p. 125- 
Fox, 1898, Proc. Ac. Nat. Sci. Phila., p. 450 (Rio de Janeiro. I have seen 
this specimen at the Carnegie Museum, Pittsburgh). W. A. Schulz, 1905, 
Hymenopteren-Studien, p. 129 (9 o; Belem do Para; ‘‘Bogota, Colombia’’). 

Polybia ignobilis H. de Saussure, 1854, Et. Fam. Vesp., II, Pl. XXIV, fig. 5 (name 
engraved on Plate). Not Polistes ignobilis Haliday, 1836. 

Polybia atra ‘‘Olivier’’ H. de Saussure, 1854, Et. Fam. Vesp. II, original printed 
Explanation of Pl. XXIV, fig. 5 (not the description on p. 181). Bréthes, 
1903, An. Mus. Nac. Buenos Aires, IX, p. 29. R. v. Ihering, 1904, Rev. Mus. 
Paulista, VI, p. 190, fig. 2 (on p. 189), p. 255, Pl. VII, fig. 15 (Ypiranga, S. 
Paulo; Rio Grande do Sul; nest). Not Vespa atra Olivier, 1791. 

Megacanthopus ater, Ducke, 1905, Bol. Mus. Goeldi, IV, p. 689 (Brasil: Sao Paulo; 
Parad; Oyapoc.—Guianas); 1906, Revue d’Entom., XXV, p. 10 (9; Rio de 
Janeiro); 1907, Zeitschr. Syst. Hym. Dipt., VII, p. 139; 1907, Bol. Mus. Goeldi, 
V, pp. 185 and 190. Salt, 1931, Proc. Ent. Soc. London, VI, p. 21 (Colombia: 
Rio Frio). 

Mischocyttarus ater, Ducke, 1918, Rev. Mus. Paulista, X, pp. 351 and 369 (speci- 
mens seen: Brasil: State of Parad: Ilha de Marajé6. Goyaz. Sao Paulo: 
Ypiranga; Piquete; Jundiahy.—Peru: Iquitos.—Venezuela.—Costa Rica). 
A. de Winkelried Bertoni, 1918, An. Cientif. Paraguayos, (2) No. 3, p. 204 
(Paraguay: Puerto Bertoni). da Fonseca, 1926, Rev. Mus. Paulista, XIV, 
p. 175. Zikan, 1935, Arq. Inst. Biol. Veg., Rio de Janeiro, I, pt. 3, p. 155, 
figs. 78 and 83; Pl. II, fig. 2; Pl. III, figs. 5-6. J. Bequaert, 1937, Bull. Brook- 
lyn Ent. Soc., XXXII, p. 116 (introduced with bananas in United States). 
Rau, 1940, Ann. Ent. Soc. America, XXXIII, p. 90 (Mexico: Cordoba, Vera 
Cruz). 

Polybia decepta Fox, 1895, Proc. California Ac. Sci., (2) V, p. 269 (2 or 8. Mexico: 
either San José del Cabo, Lower California; or Tepic, Nayarit). 

Megacanthopus imitator Ducke, 1904, Bol. Mus. Goeldi, IV, pp. 359 and 362 (2 o. 
Brasil: Belem do Parad; Anajds, Ilha de Marajé6; type locality not selected). 
Ducke, 1905, Revue d’Entom., XXIV, p. 21. 
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Specimens Examined.—MEXICO: Cordoba, Est. Vera Cruz. GUATE- 
MALA: Quiriguaé; Olas de Moca, Dept. Solola. COSTA RICA: Mt. 
Redondo; Aserri. COLOMBIA: Medellin, Dept. Antioquia; Sasaima, 
Dept. Cundinamarca; Aracataca, Dept. Magdalena; Restrepo, Int. 
Meta. PERU:San Ramon, Valle Chanchamayo. BRASIL: St. Amaro, 
Est. do Rio; Itatiaya, Est. do Rio; Puerto Velho, Rio Madeira; El 
Dorado, Sao Paulo. Specimens were taken at Madison, Wisconsin, 
from a bunch of imported bananas; and others were intercepted at 
Mobile, Alabama, in bananas freshly arrived from Nicaragua. The 
supposed occurrence at Bogotd, Colombia, is based on erroneous 
labelling of specimens. 


2. M. socialis var. uniformis J. Bequaert, 1938 


Mischocyttarus ater var. uniformis J. Bequaert, 1938, Proc. Ent. Soc. London, 
Ser. B, VII, p. 184 (9; Island of Trinidad). 
? Vespa atra Olivier, 1791, Encyclop. Méthod., Insectes, VI, p. 674 (Cayenne, 
French Guiana). Not Vespa atra Gmelin, 1790. 
Known thus far with certainty from the type specimen only; but 
Olivier’s Vespa atra, from French Guiana, appears to have been based 
on this form, not on typical M. socialis. 


Polybia Lepeletier 


Five neotropical species of Polybia, separable on structural charac- 
ters, are superficially alike in size and color. They measure 12 to 14 
mm. in total length, the fore wing 8.5 to 10 mm. The body is black 
(rarely somewhat brownish), except sometimes for reddish or rufous 
areas on mandibles and legs, often whitish spots on the base of the 
mandibles and sides of clypeus, and very rarely traces of whitish-yellow 
at the hind margin of the pronotum or of some of the tergites. The 
thorax, particularly on the sides, is not or slightly silky. The wings are 
wholly or mostly infuscate, sometimes clearer posteriorly or toward the 
tips, or the costal and radial cells are conspicuously darker. The eyes 
are distinctly, but sparsely hairy. The following key will separate the 
queens and workers of these species. 


1. First abdominal tergite distinctly punctate. Mesopleura and propodeum 
with large punctures. Body somewhat velvety. Stalk-like base of first 


_ tergite one-third to half the total length of the segment................. 2 
First abdominal tergite impunctate. Punctures of mesopleura and pro- 
podeum medium-sized or very small. Body not velvety................ 3 


2. Oculo-malar space at its shortest over half the length of the tenth antennal 
segment. Concavity of propodeum narrow, groove-like, but very weak or 
barely indicated in upper third. Clypeus slightly wider than high, 

tinctipennis 
Oculo-malar space at its shortest less than half the length of the tenth 
antennal segment. Concavity of propodeum well developed over entire 
length, broader and more shallow. Clypeus slightly wider than high, 
rufitarsis 

3. Oculo-malar space at its shortest about half the length of the tenth antennal 
segment. Clypeus about as high as wide. Propodeum with the median 
groove broad and very shallow, the sides irregularly and finely rugulose. 
First tergite gradually swollen over posterior two-thirds (in profile or 
Ce TD ice kb 5d kno cea ESO k LRU E ESD ROR aie ee es ignobilis 

Oculo-malar space very short, the mandibular condyle nearly touching the 

eye. Sides of propodeum without traces of irregular rugosities............ 4 
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4. First tergite wide and rather abruptly swollen over posterior two-thirds (in 
profile or from above). Propodeum shallowly and broadly concave. 
Clypeus slightly wider than high 

First tergite more slender, gradually swollen over posterior half (in profile or 
from above). Propodeum with a distinct groove-like depression. Clypeus 
about as high as wide 


Polybia ignobilis (Haliday, 1836) 
Figure 1 D-F 


Polistes ignobilis Haliday, 1836, Trans. Linn. Soc. London, XVII, p. 322 (9. Sado 
Paulo, Brasil). 

Polybia socialis H. de Saussure, 1854, Et. Fam. Vesp., II, Pl. XXIV, fig. 1 (name 
engraved on Plate and in printed original Explanation; not the description on 

177). R. du Buysson, 1910, Zool. Jahrb., Abt. Syst., XXIX, pp. 232 and 
539 (Paraguay: Asuncion; Trinidad; illa Morra; Tembetary; C. Olympo; 
Sapucay; San Bernardino. Argentina: Chaco de Santa Fé; Salta.—Guianas.— 
Venezuela.—Colombia.—Panama: Darien.—The locality “Chile” is certainly 
erroneous. Alta Vera Paz, Guatemala, probably refers to a related species). 
Ducke, 1910, Rev. d’Entom., XXVIII, p. 119. 

Polybia atra, H. de Saussure, 1854, Et. Fam. Vesp., II, p. 181 (2 o; description 
only, not the figure cited in the text. Islands in the Parana River, southern 
Brasil); 1858, op. cit., II, corrected Explanation of Pl. XXIV, fig. 1. F. 
Smith, 1857, Cat. Hym. Brit. Mus., V, p. 126. Fox, 1898, Proc. Ac. Nat. 
Sci. Philadelphia, p. 450 (Brasil: Chapada; Santarem; I have seen these 
specimens at the Carnegie Museum, Pittsburgh). Kreichbaumer, 1900, 
Berlin. Ent. Zeitschr., XLV, p. 98 (Colombia: Santander; Rio Lebrija). Schulz, 
1904, Berlin. Ent. Zeitschr., XLVIII, (1903), p. 257; Sitzungsber. Bayer Ak. 
Wiss., XXIII, (1903), p. 792 (Brasil: Santarem). Ducke, 1904, Bol. Mus. 
Goeldi, IV, pp. 344 and 351 (9; Brasil: Santarem; Alemquer). Ducke, 1910, 
Ann. Mus. Nac. Hungarici, VIII, pp. 493 and 502 (9 co. Brasil: Mon- 
tealegre.—Colombia: ‘‘Bogotd.’’—Venezuela: Caracas); 1913, Deutsch. Ent. 
Zeitschr., p. 331; 1918, Rev. Mus. Paulista, X, pp. 335 and 367 (specimens 
seen: Bolovia.—Argentina: Cordob4.—Brasil: Goyaz. Espirito Santo. Minas 
Geraes: Irara. Sao Paulo: Ypiranga: Jundiahy; Campos do Jordao; Franca; 
Itatiba; Itapura; Barretos. Rio ——. . roy A. de Winkelried Bertoni, 
1918, An. Cientif. Paraguayos, (2) No. 204 (Paraguay). Bréthes, 1920, 
Ann. Soc. Ent. France, LXXXVIII, ‘oid, p. 391 (Argentina: San Ignacio, 
Misiones; Santiago del Estero). da Fonseca, 1926, Rev. Mus. Paulista, 
XIV, p. 173 (Brasil: SAo Paulo: Ypiranga). Hase, 1936, Sitzungsber. Ges. 
Naturf. Fr. Berlin, pp. 1-51, figs. 3, 6, 8, 13 (Venezuela: Ocumare La Costa). 
Sauer, 1938, Arq. Inst. Biol. SAo Paulo, IX, p. 189. 

Polybia nigra H. de Saussure, 1858, Et. Fam. Vesp., II, in corrected Explanation 
of Pl. XXIV, for fig. 1, to replace ‘‘Polybia atra Sauss.”” Bréthes, 1903, An. 
Mus. Nac. Buenos Aires, IX, p. 31 (Argentina: Misiones; Parand; Cordoba; 
Tucuman; Salta). Schrottky, 1903, An. Soc. Cientif. Argentina, LV, p. 179 
(Argentina: Buenos Aires). R. v. Ihering, 1904, Rev. Mus. Paulista, VI, 
pp. 188 and 252, fig. 4 (on p. 189), (9 o Brasil: Sado Paulo: Ypiranga; Jundiahy; 
Franca. Espirito Santo. Rio Grande do Sul. Minas Geraes.—Argentina: 
Cordob4.—Boliva. Nest). Ducke, 1905, Bol. Mus. Goeldi, IV, p. 678; 
1905, Revue d’Entom., XXIV, p. 19: 1906, op. cit., XXV, p. 8 (Brasil: Rio 
de Janeiro: Barbacena). Zavattari, 1906, Boll. Mus. Zool. Anat. Comp. 
Torino, XXI, No. 529, p. 12 (9. Ecuador: Vinces; San José). Ducke, 1907, 
Bol. Mus. Goeldi, V, p. 170; 1907, Revue d’Entom., XXVI, p. 94 (Brasil: 
Maranhdao: Codo; Caxias; Parnahyba); 1908, op. cit., X XVII, p. 85 (Brasil: 
Ceara; Baturité; Serra de Baturité; Quixada; Humayta). Schrottky, 1909, 
Zeitschr. Wiss. Insektenbiol., V, p. 212. J. Bequaert, 1933, in Rau, Jungle 
Bees and Wasps of Barro Colorado Island, p. 311, fig. 1E. Martorell, 1939, 
Jl. Agric. Univ. Puerto Rico, XXIII, p. 230 (Venezuela: La Providencia; 
Turmero; Maracay; Caracas). Martorell and Salas, 1939, op. cit., XXIII, 
p. 251 (Venezuela: Carapito; Maturin; common at flowers of Borreria verticillata. 
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Specimens Examined—PANAMA: Barro Colorado Id., C. Z. 
COLOMBIA: Cartagena, Dept. Bolivar; Puerto Colombia, Dept. 
Atlantico; Sevillano, Dept. Magdalena; Rio Frio, Dept. Magdalena; 
La Cumbre; Cali, Dept. Valle; Cienaga, Dept. Magdalena; Medellin, 
Dept. Antioquia; Villeta, Dept. Cundinamarca; Aguadita, Dept. 
Cundinamarca; Sasaima, Dept. Cundinamarca; Restrepo, Int. Meta; 
Villavicencio, Inta Meta. VENEZUELA: Carapito; Cafio Macarco, 
Orinoco Delta; San Pablo de Mendoza, Trujillo; Macuto; Ciudad 
Bolivar; Maturin; La Guaira; Ocumare La Costa; Guanta; Miranda 
(between Caracas and El Sombrero); Caracas; Valera; Antimano, at 
flowers of Euphorbia caracasana; Corazo Prado; Calabozo. BRITISH 
GUIANA: Mt. Roraima. BRASIL: Pernambuco; Cotinga Uraricuera, 
Amazonas; Santarem; Natal; Independencia, Parahyba; Rio de Janeiro; 
Conceicéo do Araguaya, Est. Parad; Itatiaya, Est. Rio; Cordisburgo, 
Minas Geraes; Serra do Cipo, Minas Geraes; Calado-Rio Doce, Minas 
Geraes; Anapolis, Goyaz; Corumba, Matto Grosso; Maracaji, Matto 
Grosso; St. Amaro, Est. Rio; Chapada; Sado Paulo (Capital); Campinas, 
Sado Paulo; Ypiranga, Sado Paulo; Eug. Lefévre, Sao Paulo; Nova 
Teutonia, Sa. Catharina. PARAGUAY: Villarrica; Sapucay; Molin- 
ascue; Mbovevo; Puerto Bertoni; San Bernardino; Tacuru-Pucu. 
BOLIVIA: Canamina; Ivon, Rio Beni; Riberalta; Tumupasa; Rurren- 
abaque, Rio Beni; Espia, Rio Bopi; Ixiamas; Cochabamba, 2500 m. 
PERU: Chiclero; Combo. ARGENTINA: Tucuman; between Cor- 
rientes and Bella Vista; Cordoba; Bella Vista. 

P. ignobilis occurs over most of South America, from Panama to 
northern Argentina; but in Brasil, as pointed out by Ducke, it prefers 
savanna country and rather avoids tropical rain forest. It does not 
ascend much above 6000 ft. and is lacking in the Andean region. Pub- 
lished records of its occurrence at or near Bogoté are based on wrong 
labelling of specimens taken in lower country some distance away, but 
shipped to Europe from the Capital. No social wasp is known to occur 
within the present boundaries of Chile. All supposed “‘P. aira’’ I have 
seen from north of Panama were either P. simillima or P. raui, so that 
du Buysson’s record from Alta Vera Paz, Guatemala, was almost 
certainly erroneous. 

To judge from some 500 specimens studied, the color is remarkably 
constant over the vast area covered by the species. Often it is com- 
pletely black; sometimes there is a narrow whitish line on each side at 
the apex of tergite 1, either short or long, but never meeting its fellow. 
The body bears a frosty pruinosity, which may impart to the abdomen 
a somewhat bluish sheen (as mentioned in Haliday’s description). 
Thorax and tergite 1 have short, sparse, erect hairs. The costal cell 
and base of fore wing are conspicuously blackish, but the radial cell is 
mostly or entirely clear. 

The male; first described by de Saussure (1854, as P. atra), differs 
from the female mainly in the usual sexual characters. The oculo-malar 
space is a trifle shorter and the outer orbit narrower, barely over one- 
third the width of the eye in profile. The clypeus is much narrower, 
distinctly higher than its greatest width, with a slight longitudinal 
depression over apical half. The segments of the flagellum are swollen, 
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giving it a “beaded” appearance. The following markings are ivory- 
white: a median pair of spots on frons (between antennal sockets and 
clypeus) ; under side of scape (in part or wholly); middle of hind margin 
of pronotum; a streak in upper corner of mesepisternum (below wing 
base); lateral crests of scutellum; sometimes a pair of dots or streaks in 
lower part of propodeum; and narrow apical margin of first tergite 
(complete or interrupted). 

The thorax of P. ignobilis is narrower and more elongate than that of 
P. simillima, the mesonotum somewhat wider than long, the pro- 
mesonotal suture semi-elliptical. 


A-C, Polybia raui J. Bequaert, female: A, body in profile; B, head in front 
view; C, first tergite from above. D-F, Polybia ignobilis (Haliday): D, head 
of female in front view; E, base of abdomen in profile; F, clypeus of male. G-H, 
Polybia tinctipennis Fox, female paratype; G, head in front view; H, first tergite 
from above. I-L, Polybia simillima F. Smith: I, base of abdomen in profile; 
J, first tergite from above; K, clypeus of female; L, clypeus of male. M-N, Polybia 
rufitarsis var. peruviana J. Bequaert, female holotype: M, clypeus; N, first tergite 
from above. 
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Polybia simillima F. Smith, 1862 
Figure 1 I-L 
Polybia simillima F. Smith, 1862, Trans. Ent. Soc. London, (3) I, p. 39 (9; 

Panama). Dalla Torre, 1894, Cat. Hym., IX, p. 166; 1904, Gen. Insect., 

Vesp., p. 78. Ducke, 1910, Ann. Mus. Nat. Hungarici, VIII, pp. 493 and 501 

(2 o. Mexico: Cordobé.—Colombia: ‘‘Bogota’’; middle Rio Magdalena). 

Rau, 1933, Jungle Bees and Wasps of Barro Colorado Island, pp. 46, 81-87, 

130 (Barro Colorado Id., Panama). J. Bequaert, 1933, in Rau, op. cit., p. 311, 

figs. 1F-G. 

Specimens Examined—MEXICO: Tuxtepec, Oaxaca. GUATE- 
MALA: Cayuga. REPUBLIC OF HONDURAS: Prieta; Puerto 
Castilla; Portilla Grande; Tegucigalpa. PANAMA: Rio Pequeni; 
Pecora; Barro Colorado Id.; Las Sabanas; El] Cermena; Cafio Saddle, 
Gatun Lake; Ancon; La Campajfia; Rio Trinidad; Juan Mina, Rio 
Chagres; Quipo; Changuinola District, Bocas del Toro. COLOMBIA: 
Rio Frio, Dept. Magdalena; Vista Nieve, San Lorenzo Mts., Dept. 
Magdalena; Muzo, Dept. Boyacd; San Vicente de Chucuri, Dept. 
Santander. 

P. simillima occurs from southern Mexico to Colombia. 

Some 150 specimens seen are all colored alike. The female and 
worker are black, usually with only a small ivory-white spot at the base 
of each mandible. In the female from El Cermeno, Panama, the post- 
scutellum has a medially interrupted, ivory-white anterior margin (not 
present in 8 other specimens from the same locality); some other spec- 
imens show traces of this. The darker costal area of the fore wing fills 
the entire radial cell. 

P. simillima averages larger than P. ignobilis. The thorax is much 
shorter and stubbier and more truncate at the humeral margin; the 
mesonotum is about as wide as long, with the pro-mesonotal suture 
semi-circular. The head seen in front is wider than high. There is 
almost no erect pubescence, except on the propodeum, and the body is 
dull, owing to a microscopic alutaceous sculpture. 

The male, briefly mentioned by Ducke (1910), is similar to the 
worker and female; but the clypeus is narrower, about as high as wide, 
with a distinct longitudinal depression over. apical half, and covered 
with silvery pubescence. Outer orbits very narrow and not swollen at 
upper corners, barely over one-fourth the width of the eye in profile. 
Segments of flagellum not appreciably swollen. Black; mandibles with- 
out basal spots; only a pair of blotches on frons (below the antennal 
sockets) and under side of scape ivory-white. 

Ducke synonymized Polybia theresiana W. A. Schulz (1904, Berlin. 
Ent. Zeitschr., XLVIII, p. 257; 9 or 8 ; between Bodega and Honda on 
the Rio Magdalena, Colombia) with P. simillima, but he evidently did 
not see the type and I am convinced that he was mistaken. The 
description does not agree, particularly with regard to the color. Schulz 
says there are ivory-white markings not only on the base of the man- 
dibles, but also on the sides of the clypeus, the middle of the humeral 
margin, the apex of the first tergite and the hind margins of the second 
to fifth sternites (his third tergite is what is customarily called the 
second). I suspect that P. theresiana is a synonym or color form of 
Polybia bifasciata de Saussure. 
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Polybia raui J. Bequaert, 1933 
Figure 1 A-C 
Polybia raui J. Bequaert, 1933, in Rau, Jungle Bees and Wasps of Barro Colorado 

Island, p. 309, figs. 1A-D (Q ¢. Panama: Barro Colorado Island, C. Z. 

[type locality].—Guatemala: Cayuga). Rau, 1933, op. cit., pp. 46 and 79-81. 

Specimens Examined —MEXICO: Cordoba, Vera Cruz. GUATE- 
MALA: Cayuga (paratype); Sa. Emilia near Pochuta, 1000 m., Dept. 
Chimaltenango. PANAMA: Barro Colorado Id., C. Z. (types); Pecora; 
Paraiso; Alhajuelo. COLOMBIA: Muzo, Dept. Boyacd; Sabanetas 
near Barbarena. 

P. raui often occurs together with P. simillima and has the same 
distribution. 

The thorax is slightly more slender than in P. simillima, the sides of 
the pronotum (as seen from above) being narrowed; but the pro-mesono- 
tal suture is semi-circular. The body is somewhat shiny, the alutaceous 
microscopic sculpture of P. simillima being replaced by an extremely 
minute puncturation, in which larger punctures are scattered. It bears 
many short, erect, grayish hairs. There are usually small whitish spots 
on the base of the mandibles and at the sides of the clypeus, and traces 
of a whitish hind margin in the middle of the pronotum. The darker 
costal area fills the entire radial cell. The male is as yet unknown. Over 
100 specimens were studied. P. raui is slightly smaller than its near 
relatives. 


Polybia tinctipennis Fox, 1898 
Figure 1 G-H 
Polybia tinctipennis Fox, 1898, Proc. Ac. Nat. Sci. Philadelphia, p. 452 (2 or ¢. 

Brasil: Chapada, Matto Grosso). Dalla Torre, 1904, Gen. Ins., Vesp., p. 78. 

Ducke, 1904, Bol. Mus. Goeldi, IV, pp. 344 and 352 (9; Brasil: Itaituba on 

Rio Tapajoz); 1905, op. cit., IV, p. 678 (Brasil: Obidos); 1905, Revue d’Entom., 

XXIV, p. 19; 1907, Bol. Mus. Goeldi, V, p. 170; 1910, Ann. Mus. Nat. Hun- 

garici, VIII, pp. 493 and 502 (9. Brasil: Est. Pard: Obidos; Belem. 

Amazonas: Santo Antonio do Ica. Minas Geraes: Barbacena. Sao Paulo: 

Ypiranga); 1918, Rev. Mus. Paulista, X, p. 335. 

Polybia ypiranguensis R. v. Ihering, 1904, Rev. Mus. Paulista, VI, pp. 170 and 

188 (9 or 8. Brasil: Sdo Paulo: Ypiranga); 1904, Bull. Soc. Ent. France, 

p. 86 (9). 

I have seen the types of tinctipennis at the Carnegie Museum, as 
well as four paratypes of ypiranguensis. Ducke correctly synonymized 
these two names. 

Specimens Examined—REPUBLIC OF HONDURAS: Subirana. 
PANAMA: Paraiso. BRASIL: Chapada, Matto Grosso; western 
border of Matto Grosso; Ypiranga, Sado Paulo. PERU: San Ramon, 
Valle Chanchamayo, 800 m. 

In the female of P. tinctipennis, the first abdominal tergite seen 
from above is longer and narrower than in P. rufitarsis, the stalk-like 
base being about as long as the apical widened portion, into which it 
passes more gradually; while, in profile, the swollen portion is more 
convex. The outer orbits are swollen and produced backward in the 
upper third; their edge with the occiput is rounded off, except over part 
of the middle third, where there is a short, fine but sharp carina. The 
punctures of the clypeus are as large as those of the mesopleura. The 
male is unknown. 














































728 Annals Entomological Society of America |Vol. XXXVI, 





Some 25 specimens seen are black, without pale markings on head and 
thorax, except for the faintly discolored hind margin of the pronotum; 
the apex of the first tergite is often obscurely whitish on the sides and 
the fifth tergite usually bears an apical whitish fascia which does not 
reach the sides and is notched or interrupted in the middle. This white 
apical margin of the fifth tergite is present in Fox’ types, although it is 
not mentioned in the original description. More rarely the fourth 
tergite bears a similar fascia. 

In typical tinctipennis, the fore wing is infuscate over the basal 
two-thirds, somewhat more so in the costal cell; while the apical third 
(including part or most of the radial cell) is much clearer, either sub- 
hyaline or whitish-yellow, the veins of the pale area and stigma being 
russet or dirty yellowish. This is true of ypiranguensis also, as shown 
by the paratypes and by the author’s statement that the wing is yel- 
lowish in the region of the stigma and of the second and third cubital 
cells. Typical tinctipennis is homeochromic with the typical form of 
Mischocyttarus socialis. 


P., tinctipennis var. (or subsp.) nebulosa, new 


Female and Worker.—Differing from typical tinctipennis in the 
color of the wings, which are infuscated throughout, being only 
slightly and very gradually clearer apically; veins and stigma blackish- 
brown. Whitish apical margin of fifth tergite as in typical form. 


Specimens Examined—TRINIDAD: Holotype female (D. Vesey- 
FitzGerald). BRITISH GUIANA: Kamakusa, two female paratypes 
(H. Lang); Kartabo (W. Beebe); source of the Essequibo River (J. 
Ogilvie). Holotype and paratypes at Mus. Comp. Zool., Cambridge, 
Mass.; paratype at Am. Mus. Nat. Hist., New York. 

This color form is homeochromic with Mischocyttarus socialis var. 
uniformis, which also occurs in Trinidad. 

The specimens from Obidos, Brasil, which Ducke listed in 1905 
under P. tinctipennis, appear to have been of the var. nebulosa, as they 
were said to lack all yellowish on the wings. 


Polybia rufitarsis Ducke, 1904 
Polybia rufitarsis Ducke, 1904, Bol. Mus. Goeldi, IV, pp. 344 and 351 (9; Itaituba 
on Rio Tapajoz, Brasil); 1905, op. cit., IV, p. 678 (9. Brasil: Est. Para: 

Obidos; Otapoc. Amazonas: Lower Japura; Teffé; Tabatinga); 1905, Revue 

d’Entom., XXIV, p. 19; 1907, Bol. Mus. Goeldi, V, pp. 170 and 180; 1910, 

Am. Mus. Nat. Hungarici, VIII, pp. 493 and 502 (9. Brasil: Amazonas: 

Upper Trombetas; Faro; Santo Antonio do Ica; Lower Javary); 1918, Rev. 

Mus. Paulista, X, p. 334 (Brasil: Est. Amazonas: Rio Juru4.—Peru: Mar- 

capata). da Fonseca, 1926, op. cit., XIV, p. 173. 

The original description was as follows: “9. Nigra, fuscescenti- 
velutina, alis valde infuscatis, anticis costa nigra subcyanescenti- 
micante, harum apice albidis; tarsis omnibus rufis. Clypeus longitudine 
latior, nitidus, sparsim punctatus, margine apicali medico triangulariter 
producto. Genae sat angustae. Caput, thorax et segmentum abdom- 
inale 1."™ sat dense et fortiter punctata, pronoto sine angulis, margine 
antico utrinque tenuiter carinulato, medio inermi, mesopleuris episterno 
et epimero haud separatis, segmento mediano postice sat late excavato, 
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segmento abdominali 1.° sat depresso, brevi, segmenti mediani linea 
mediana longitudinali haud longiore, campanulato, segmento dorsali 
2.° valde dilatato, segmentis 2.°-6.° simul sumptis cordiformibus. 
Longitudo corporis 12 mm.”’ This description was based on a single 
female. I have seen only one specimen that agrees with it, so far as 
color is concerned, in having all the tarsi russet or somewhat orange. 
It is a female from Moroballi Creek, Essequibo River, British Guiana, 
sent by Dr. O. W. Richards. In his later papers Ducke referred also 
to rufitarsis specimens with black tarsi, but I believe these should be 
separated as a distinct color form. 

Structurally P. rufitarsis differs also from P. tinctipennis as follows: 
The first abdominal segment seen from above is shorter and wider, the 
stalk-like base being shorter than the apical portion, which is rather 
abruptly widened; while, in profile, the wider portion is more flattened. 
The outer orbits are swollen and produced backward in the upper third, 
but their edge with the occiput is blunt throughout, without or with a 
mere trace of a carina. The punctures of the clypeus are smaller than 
those of the mesopleura. The male is as yet unknown. 

In the one typical rufitarsis seen, the clypeus is black with a diffuse 
brownish-orange spot on each side of the clypeus, the first tergite bears 
a short yellowish apical line on the sides, and the sixth tergite is partly 
yellowish-white; the second sternite bears brownish lateral spots. The 
wings are infuscate, with the costal and radial cells darker, though not 
sharply set off. 


P. rufitarsis var. (or subsp.) peruviana, new 
Figure 1 M-N 
Female or Worker.—Black, including the entire legs of all pairs- 
Clypeus with a diffuse brownish-yellow spot on each side. Hind 
margin of pronotum medially and extreme apical sides of first tergite 
with traces of white; sixth tergite and second sternite black. Wings 
as in typical rufitarsis, infuscate throughout. 


Specimens Examined.—PERU: Valle Chanchamayo, 1100 m., 
female holotype and paratypes; San Ramon, Valle Chanchamayo, 800 
m., female paratypes; Oxapampa, 1300 m., female paratypes; Tingo 
Maria, Rio Huallaga, 700 m., female paratypes; Satipo, east of Huan- 
cayo, 600 m., female paratypes (all collected by W. Weyrauch); El 
Campamiento, Col. Perene, female paratypes (J. C. Bradley). ECUA- 
DOR: Bafios, Tungurahua, 1000 to 1500 m., female paratype (W. 
Clarke-Macintyre). BOLIVIA: Ivon, Rio Beni, female paratype; 
Tumupasa, female paratype (both collected by W. M. Mann). Holotype 
and paratypes at Mus. Comp. Zool., Cambridge, Mass.; paratypes also 
at U. S. National Museum, American Museum of Natural History, 
Academy of Natural Sciences of Philadelphia, and Cornell University. 

This wasp appears to be common in eastern Peru. Evidently the 
specimens with black tarsi later included by Ducke under rufitarsis 
were of the var. peruviana. Unfortunately he does not separate their 
localities from the others. 








QUANTITATIVE ANALYSES ON THE CELLULOSE 
FERMENTATION BY TERMITE PROTOZOA! 


R. E. HUNGATE, 
The University of Texas, 
Austin, Texas 


Termites of the genus Zootermopsis have been used in many of the 
studies of cellulose digestion in the Isoptera. These termites are large, 
easy to handle, and abundant. The two species which have been used, 
nevadensis and angusticollis, are similar in habits and appearance but 
can be distinguished in most cases on the basis of the characteristics 
described by Sumner (1933). They show an overlapping distribution 
(Chap. 24 in Kofoid et al, 1934) and according to Kirby (1932) they 
contain the same species of cellulose-digesting protozoa. These are the 
large hypermastigote flagellates Trichonympha collaris, T. campanula, 
and 7. sphaerica, and the smaller polymastigote, Trichomas termopsidis. 

It is well established that Zootermopsis lacks the necessary enzymes 
for cellulose digestion (Cleveland, 1924; Hungate, 1938) and that these 
are provided by the protozoa. It is also certain that glucose is the 
product of the digestion (Trager, 1932). Cleveland has postulated that 
the glucose is absorbed and utilized by the termite. Trager (1934) 
succeeded in culturing Trichomonas termopsidis in the absence of all but 
one species of bacterium and reported experiments which were inter- 
preted as indicating that glucose was the metabolic product of this 
protozoan, though glucose could not be demonstrated in the culture by 
chemical methods. 

More recent investigations (Hungate, 1939) have shown that the 
protozoa in Zootermopsis carry on an anaerobic fermentation of cellulose 
and that carbon dioxide, hydrogen, and acetic acid are important 
products. Although estimates were made of the amount of cellulose 
decomposed, the quantity was too small to measure directly, and the 
possibility that glucose constituted a part of the metabolic products was 
not entirely excluded. 

It is evident that the most satisfactory method to settle the details 
of the cellulose fermentation by the termite protozoa would be to obtain 
pure cultures of each species and perform quantitative experiments on 
the metabolism under carefully controlled conditions. However, 
methods for pure culturing these forms are lacking and in view of the 
abundance with which the protozoa occur in Zootermopsis and aided by 
the almost complete absence of cellulose-decomposing bacteria (Dick- 
man, 1931; Hungate, 1936) it seemed probable that quantitative studies 
on the protozoa obtained directly from the termite would yield more 
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exact information on the nature of the cellulose fermentation within the 
termite. It was also hoped that the knowledge gained might aid in 
the development of pure culture techniques for the protozoa. 

Two methods can be used for the decomposition of measurable 
quantities of cellulose by suspensions of the termite protozoa. One is to 
use many animals for a short run; the other is to use fewer individuals 
and allow them to act fora longer time. The advantage of the short run 
lies in the fact that the action of bacteria is less important. There are 
several disadvantages. The weight of material decomposed is small in 
proportion to the weight of the protozoa and is of about the same mag- 
nitude as the errors in weighing and sampling. Also, errors due to 
death and cytolysis of the protozoa are relatively larger. Finally, it is 
uncertain in short runs whether cellulose or a storage product of the 
protozoa is the substrate metabolized. All these difficulties have made 
short experiments unsatisfactory so methods allowing longer experiments 
were developed. 


Figure 1. Arrangement of palladium black for hydrogen absorption. 


Special Warburg respirometer vessels with a total volume of 75 ml. 
were constructed in order to permit use of larger quantities of medium. 
This assured longer survival of the protozoa before toxic concentrations 
of metabolic products were reached. A side arm on the vessel con- 
tained sulphuric acid which was added at the end of the run to liberate 
bound carbon dioxide. In the control vessel which contained a dupli- 
cate suspension of protozoa the acid was added at the beginning of the 
run. The amount of carbon dioxide produced in metabolism was 
obtained by subtracting the total carbon dioxide in the control from 
that in the experimental vessel. Acid production was calculated from 
the carbon dioxide evolved during the run in excess of that produced 
in metabolism. A tiny bulb blown on one side of the neck of the 
Warburg vessel (see fig. 1) was filled with palladium black for the 
absorption of hydrogen. This bulb was closed off from the main vessel 
during the run and opened at the end after bound carbon dioxide had 
been determined. The amount of hydrogen was calculated from the 
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drop in pressure during exposure to the palladium black. The gas 
volume included with the palladium in the side bulb was too small to 
cause any appreciable pressure change when opened to the main vessel. 
An extension of the open arm of the manometer, accommodating 
pressure changes of 800 mm. of Brodie solution, was arranged in order 
to measure the decomposition products of larger quantities of cellulose. 

Suspensions of the protozoa were prepared by squeezing them 
directly from the termites into a salt solution which had previously been 
rendered anaerobic by bubbling with an oxygen-free mixture of 95 per 
cent nitrogen, 5 per cent carbon dioxide. Oxygen was absorbed with 
the chromous solution described by Stone and Beeson (1936). When 
washing of the protozoa was practiced they were allowed to settle to 
the bottom of a test tube, the upper portion of the liquid was pipetted 
off, and new medium added. This was performed three times. Powdered 
cellulose was suspended in water, boiled to drive off dissolved gas, and 
then centrifuged. The water was poured off and replaced by the sus- 
pension of washed protozoa. After mixing, equal amounts of the 


TABLE I 


WEIGHTS OF CELLULOSE AND PROTOZOA IN EXPERIMENT 5 











Experiment 5a 5b 
Weight cellulose, beginning.................cceeeseees 19.5 mg. 19.0 mg. 
WEIENt HTOTOSOR, DEGINNING........ 0. ccicciccccccseeees 2.1 3.1 
Weight cellulose plus protozoa, beginning............. 21.6 22.1 
Weight cellulose plus protozoa, end................4.- | 17.3 18.0 
Decrease in weight during run.................000006: 4.3 4.1 





suspension were transferred to the experimental and control vessels and 
with continuous shaking the gas mixture was passed through the 
manometers and vessels until all oxygen was removed and equilibrium 
between dissolved and gaseous carbon dioxide was reached. During 
the first runs the vessels were shaken only before readings since it was 
found that some of the protozoa became stuck on the sides. Later the 
shaking was decreased in amplitude and could be continuous without 
causing injury. 

The medium in which the protozoa were suspended was: 0.1% 
NaHCoO,, 0.1% NaCl, 0.05% KC1, 0.01% CaCl, dissolved in pyrex- 
distilled water. It was necessary to increase the concentration of NaCl 
to 0.38% in order to obtain satisfactory survival of the protozoa from 
some colonies of termites. 

At the end of the run the suspensions in control and experimental 
vessels were centrifuged, the supernatant fluid poured off for volatile 
acid determinations, and the residue dried and weighed. Eighty-five 
per cent of the acid produced was volatile, the remainder non-volatile. 
Acetic acid was found to be the only volatile acid formed; the non- 
volatile acids have not yet been identified. 

In these experiments it was possible to maintain the protozoa in an 
active condition until they had decomposed measurable quantities of 
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materials, as determined from the difference between the weight of the 
residue in the experimental and control flasks. That this decrease in 
weight was due to digestion of cellulose and not to dissimilation of 
reserves in the bodies of the protozoa is indicated by the following 
experiment. 

Suspensions of protozoa and cellulose containing known weights of 
each were used in a run lasting for 108 hours. The temperature was 
25.5 degrees C. At the end of the experiment the combined weights of 
the protozoa and the remaining cellulose were determined. The data 
are presented in Table I. 
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FiGurE 2. Gas evolution in experiments 5a and 5b. 


It will be observed that the decrease in weight exceeds the total 
weight of the protozoa at the start. Since the great majority of the 
protozoa were alive at the end of the experiment and must have retained 
most of their original weight, it is evident that the loss in weight is due 
principally to the digestion of the cellulose. This conclusion is sup- 
ported by the fact that protozoa in suspensions receiving no additions 
of cellulose survive only 24 hours, in contrast to the 108 hours of this 
experiment. 

The amounts of gas evolved in the experimental vessels of exper- 
iment 5 are plotted against time in figure 2. 
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The uniform slope of the curves indicates that the products are 
formed by the protozoa and not by bacteria. If the gas evolution were 
due to bacteria growing during the run the rate would be expected to 
increase as the bacteria became more numerous. The constant rate 
indicates that the metabolic products are due to the protozoa and not 
to bacteria developing in the medium. The uniformity of the slope of 
each curve also shows that death of the protozoa during the experiment 
was negligible and that no growth of the protozoa occurred. Absence 
of a source of nitrogen in the medium would be expected to prevent 
growth. 

Analyses of the products formed in experiment 5 and in similar runs 
provide information on the success in recovering the carbonaceous 
products of the protozoan fermentation of cellulose. These have been 
collected in Table II. 


TABLE II 


AMOUNTS OF CELLULOSE DECOMPOSED AND CARBONACEOUS PRODUCTS 
FORMED BY THE PROTOZOA 











; Cellulose : Carbon 
Expt. Decomposed CO, Formed Acid Formed Recovery 
mg. mg.C | mg. mg.C | mg. mg. C 

1 2.7 1.20 0.61 0.17 1.90 0.76 77 percent 

2 8.6 3.83 0.48 0.13 7.44 2.97 81 

3 2.9 1.29 0.44 0.12 2.61 1.04 90 

4 9.8 4.36 1.10 0.30 7.44 2.97 75 

5a 4.3 1.91 1.76 0.48 2.22 0.89 72 

5b 4.1 1.82 1.57 0.43 2.28 0.91 74 

6a 5.0 2.22 2.16 0.59 2.89 1.16 79 

6b 6.1 2.72 1.94 0.53 2.82 1.13 61 








In Table II the amount of carbon in the acid formed has been calcu- 
lated as if acetic acid were the only acid present. Since acetic acid 
constitutes only eighty-five per cent of the total acid it is possible that 
monobasic acids with three or more C atoms may be present in the 
remainder and, if so, the reported recovery based on two C atoms is 
too low. Also, the fact that acetic acid is weak and will not decompose 
bicarbonate with a quantitative liberation of carbon dioxide on a 
mol for mol basis causes the quantity of acid indicated in the table to be 
slightly less than the amount actually formed in the experiments. With 
these qualifications in mind it is evident that carbon dioxide and acetic 
acid constitute the major part of the carbonaceous products of the 
cellulose fermentation by the protozoa in Zootermopsis. 

Tests have been made for other possible products of the cellulose 
fermentation by the protozoa. Examinations for neutral volatile 
materials have been made by distilling the slightly alkaline culture 
solution in a fractionating column and carefully observing the advancing 
rim of distillate for indications of surface tension differences between 
the water and any other volatile material. This method is sufficiently 
sensitive to detect easily one part of ethyl alcohol in 10,000 parts of 
water. No indications of neutral volatile materials were ever observed. 
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Tests were made for glycerine, acetylmethyl-carbinol, polyalcohols, and 
formic acid, but none of these materials could be detected. Small 
amounts of lactic acid were found in one experiment. Copper reduction 
tests for glucose were uniformly negative. This fact, coupled with the 
reasonably satisfactory recovery of fermentation products shows quite 
conclusively that glucose is not an important product in these 
experiments. 


TABLE III 


MATERIALS FORMED IN THE FIRST TYPE OF CELLULOSE FERMENTATION 





Carbon 
Dioxide 


Cellulose , 
Disappeared ydrogen | Acid 


| 
17 14 + 16 32 
53 il 14 124 
18 10 5 44 
s 60 25 26 124 
| 7 
| 


40 





if 324 
22 


‘ otals.. M8 i 


Ratios. 





One of the most interesting features of the cellulose fermentation by 
the protozoa in Zootermopsis is that there are two general modes of 
decomposition resulting in the formation of the chief end products in 
strikingly different proportions. The first type of fermentation leads 
to the liberation of CO, and He in approximately equimolar amounts 
and to production of acid in amounts exceeding the gaseous products. 
Table III presents the data pertaining to fermentations of this type. 
Amounts of gas are expressed in micromols (millionths of a mol), the 
cellulose as micromols of hexose, and the acid as microequivalents. 


TABLE IV 


MATERIALS FORMED IN THE SECOND TYPE OF CELLULOSE FERMENTATION 








Cellulose | Carbon | 


enagEATE Dioxide | Acid 


Hydrogen 


40 65 37 
P : 


48 


62 
85 





Totals. 2 if 288 
Ratios. .| 2.4 


| 
76 7s 47 
| 170 





The second type of fermentation results in the production of nearly 
twice as much hydrogen as carbon dioxide, and of an amount of acid 
equivalent to the carbon dioxide. The data for this type of fermenta- 
tion are summarized in Table IV. The units are the same as in Table III. 
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It is apparent that the products occur in quite different ratios in 
the fermentations shown in Tables III and IV. 

These two types of fermentation are not limited in occurrence to the 
protozoa in suspensions. They are also found in the faunated termites 
themselves. Thus, the amounts of hydrogen reported by Cook (1932), 
Gilmour (1940), and some of those reported by Hungate (1939) may be 
interpreted as due to the occurrence of the first type of fermentation. 
The hydrogen production in these experiments is of the magnitude of 
20 cubic millimeters per gram of termites per hour. But one of the 
colonies studied by Hungate showed a hydrogen production of 214 
cubic millimeters per gram of termites per hour. This large value clearly 
suggests the second type of fermentation. 

The protozoa for experiments 5 and 6 were obtained from one colony 
of termites, those used in experiments 1-4 were from two others. The 
protozoa used in experiments 1-4 survived well in the inorganic medium 
containing 0.1 per cent NaCl. The protozoa of experiments 5 and 6 
were soon dead when placed in this solution but if the NaCl concentra- 
tion was increased to 0.3 per cent they showed excellent survival. These 
observations point toward definite differences between the protozoa of 
the two series of experiments. 

The most logical explanation for these differences would be that the 
protozoa were not the same. Kirby (1932) records that the relative 
proportions of individuals of the several protozoan species may vary 
from colony to colony. Additional experiments were performed with 
protozoa from several new colonies in order to examine further the 
occurrence of these fermentation types. A fairly good correlation was 
found between the need for 0.3 per cent NaCl in the medium and a 
fermentation in which larger amounts of hydrogen were formed. But 
attempts to correlate with the relative numbers of different kinds of 
protozoa were unsuccessful. This is understandable when it is realized 
that information on the relative metabolic activity of individuals of 
the different protozoan species is completely lacking. In order to 
attempt evaluations of this sort it would be almost essential to have 
pure cultures of the protozoa. 

The first type of fermentation has been found principally in colonies 
of Z. nevadensis whereas the second type is more common with Z. 
angusticollis. However, in the author’s experiments several cases have 
been encountered in which the situation is reversed. The discrepancies 
might be explained as due to difficulties in properly classifying the two 
species of termites. However, using the distinctive features given by 
Sumner there was no uncertainty in assigning colonies to one or the 
other. Thus, fermentation type and morphological characteristics of 
the termite seem to occur more or less independently of each other. 
The fermentation variations are apparently concerned with the physiol- 
ogy of the protozoa but it might be expected that physiological peculiar- 
ities of the host would exert an influence on the proportions of the 
protozoa and thus indirectly on the type of fermentation exhibited. 

Most of the available accounts of the swarming flight and mating 
reactions of termites suggest extensive and perhaps exclusive inbreeding. 
Male and female members of a pair are derived from the same colony. 
This has been discussed by Emerson (1935) as a factor concerned with 
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the evolution of two species of Nastuitermes. It might also explain the 
occurrence of the varied fermentation types exhibited by colonies of 
Zootermopsis. 

In these experiments it is evident that the protozoa ferment most of 
the glucose formed through digestion of the cellulose. No glucose can 
be demonstrated as a metabolic product. However, the conditions of the 
cellulose fermentation by the protozoa within the faunated termite 
differ from the conditions in the in vitro cultures. If at any time the 
rate of digestion of cellulose by the protozoa were greater than the rate 
of fermentation of the glucose formed then glucose would accumulate. 
Failure to demonstrate glucose in the in vitro experiments could be 
explained by its presence in concentrations too small to be detected by 
chemical means. Thus, the information gained from the in vitro cul- 
tures cannot alone determine conclusively the importance of glucose to 
the termite. However, using also data on the oxygen consumption and 
hydrogen production of the faunated termite an evaluation can 
be attempted. 

The results of Cook (1932) and Gilmour (1940) indicate that the 
hydrogen production in faunated termites is about 10 per cent of the 
oxygen consumption. The protozoa in the termites studied by them 
apparently exhibited a fermentation of the first type reported in this 
paper. The in vitro studies of this fermentation (Table III) show that 
the amount of acid formed (principally acetic acid) is about five times 
the hydrogen production. If the protozoa in the termite accomplished 
this same type of fermentation, and the evidence supports this assump- 
tion, then the acid formed by the protozoa in the termite would be 
equal to about one-half of the oxygen consumed. Earlier results 
(Hungate, 1939) show that this acid is completely absorbed. Assuming 
that it is completely oxidized it is evident from the equation 


C2H,O.+2 O.—> 2 CO.+2 H.O 


that 2 mols of oxygen will be needed for the combustion of one mol of 
the acid. Since the amount of acid produced in the termite is about 
one-half the amount of oxygen consumed it is evident that combustion 
of the acid accounts satisfactorily for the oxygen consumption. 
Estimates can also be made for the second type of fermentation. A 
colony of Z. angusticollis showed a hydrogen production of 9.5 micromols 
214 cubic millimeters) per gram of termites per hour. From the data 
obtained for in vitro fermentations of this type (Table IV) the hydrogen 
and acid occur in the proportion of 2.4 to 1.4. Thus 5.8 micromols of 
acid per gram hour were formed within the termite. This amount of 
acetic acid would require 11.6 micromols of oxygen for its combustion. 
Actually, the oxygen consumption was 17.2 micromols per gram hour. 
Although at first sight this would seem to leave 5.6 micromols of oxygen 
that might have been used for glucose combustion yet it should be 
recalled that the recovery of carbon in the in vitro experiments was 
incomplete. In experiments 5 and 6 (Table II) the carbon in the 
unidentified products amounted to more than one-half the carbon in 
the acid, and the combustion of these materials could well account for 
the remaining 5.6 micromols of oxygen. Thus, also in this fermentation 
type the products of the fermentation by the protozoa seem to be suf- 
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ficient to require for their combustion an amount of oxygen about equal 
to that taken up by the termite. 

While these are extremely rough estimates they point definitely 
toward the conclusion that the principal carbonaceous materials used 
by Zootermopsis are the fermentation products formed by the protozoa 
from the glucose which they obtain by cellulose digestion. Direct 
examination of the processes occurring in most other species of termites 
is handicapped by the small size of the hosts but it has been possible to 
obtain protozoa from Reticulitermes claripennis in sufficient numbers to 
examine them for a fermentative metabolism. Gas and acid were 
found to be produced and acetic acid could be identified as one of 
the products. 

It is highly probable that an anaerobic fermentation process is 
characteristic of most of the wood-digesting protozoa found in termites 
and in the closely related wood roach, Cryptocercus punctulatus. The 
ease with which all these protozoa can be killed by increasing the 
oxygen tension (Cleveland, 1925, 1934) strongly points toward their 
obligate anaerobic nature; and in the necessary absence of oxygen they 
must perforce carry on a fermentative metabolism in order to satisfy 
their energy requirements. 

The question of the site of absorption of metabolic products of the 
protozoa has been examined in Zootermopsis. The alimentary tract of a 
large nymph of Z. angusticollis was removed and the hind-gut was care- 
fully ligated at each end. It was left overnight in a small tube of inor- 
ganic culture solution. The following morning the gut was still intact 
and upon testing the surrounding fluid for acetic acid it was found to be 
present. It may be concluded that the chitinous intima and the wall 
of the hind-gut are permeable to this product of the protozoan fermenta- 
tion and probably also to the non-volatile acids. The termite oxidizes 
these materials to obtain its necessary supply of energy. The carbon 
carbon dioxide produced by the protozoa is eliminated from the termite 
and so also is the hydrogen. 


SUMMARY 


1. Using large Warburg vessels the decomposition of weighed 
amounts of cellulose by protozoa from termites of the genus Zooter- 
mopsis has been studied. The protozoa were obtained directly from 
the alimentary tract of termites, washed in a suitable inorganic medium, 
and allowed to act upon cellulose for periods up to 108 hours. 

2. The cellulose disappearing could be recovered to the extent of 
70-75 per cent as the products: carbon dioxide, hydrogen, and acids, 
principally acetic acid. The possibility that bacteria were concerned 
with the formation of these products was considered and their action 
shown to be negligible. 

3. Protozoa from different colonies of Zootermopsis show differences 
in their metabolic products and in their salt requirements. These are 
possibly due to differences in the proportions of the protozoan species 
present. 

4. From the amount of hydrogen produced in the faunated termite 
and from the ratio in which the fermentation products appear in in 
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vitro experiments a quantitative estimate of the fermentation products 
formed by the protozoa within the termite can be made. These products 
are sufficient in amount for their oxidation to account for the observed 
oxygen consumption of the termite. It thus seems improbable that 
glucose is absorbed to any great extent. 
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THE PSYLLIDS OF AMERICA NORTH OF MEXICO (PSYLLIDAE: 
HOMOPTERA), by LEoNARD D. TUTHILL, reprinted from Ia. St. College, 
Jour. of Science, xvii, No. 4, July, 1943, pp. 443-660, 19 pls. Price $2.00. 

Psyllids are often overlooked by collectors due to their small size and fragil- 
ity, as well as to their elusive habits when swept or beaten into a net. However, 
they have not been overlooked in recent years, especially by Caldwell and Tuthill, 
who seem to have found means of capturing them. 

Since Fitch in 1851 described six species, the number has increased until 148 
species are presented in Tuthill’s scholarly monograph. In every detail his work 
shows a thorough treatment of adequate material. Each scientific name is 
explained or interpreted in a footnote, a commendable minutia. As an incorpora- 
tion of the knowledge of the jumping plant lice this work will serve entomologists 
well.—Dororuy J. KNULL. 








TWO UNUSUAL VESPULA NESTS 


RAYMOND C. OSBURN, 


Ohio State University, 
Columbus, Ohio 


Since the behavior of insects is always of interest it seems worth 
while to record a nest of the black hornet, Vespula maculata (L.), built 
flat on the ground, while a couple of rods from it there was a nest of the 
yellow-jacket, Vespula arenaria (Fabr.), situated 15 feet above ground 
on the limb of a tree. The writer has observed hundreds of the nests 
of the black, or bald-faced hornet, but the one here described appears 
to be unique. The altitude of the nest ranges widely, to be sure, 
from two to three feet in bushes up to 30 or 40 feet high in trees, but 
this variation involves no change in the construction of the nest. 

Nest of Black Hornet (figs. 1 and 2).—The nest was shaped somewhat 
like the American soldier’s ‘‘tin hat’ of the first world war, evenly 
rounded over the top and flared out around the lower edge to form a 
brim. Seen from above it was rather regularly elliptical, 14 by 16 
inches in diameters, the height at the center six inches. The entrance 
hole was low down on one side, within a quarter of an inch from the 
ground, so that the workers approaching the nest sometimes alighted 
on = small paper platform but more frequently on the bare ground 
(fig. 2). 

In the ordinary hornet’s nest the walls are thickest above and thin 
out considerably on the sides and below. In the one under discussion 
only the upper wall was present and where it approached the ground 
it was expanded both outwardly and inwardly. Where it touched 
the ground the nest wall varied from two to three and one-half inches 
in thickness, the inner edge being turned under one-half to one inch. 
This lateral extension probably served to keep the rain from splashing 
up inside of the nest. 

Beneath the nest the ground was swept perfectly clean of everything 
that could be moved. A few twigs and a couple of pebbles were too 
large to be handled and the nest was built around them. Also a trailing 
grapevine a couple of inches above the ground was incorporated and an 
erect weed stem projected upward through the nest a little to one side 
of the center. 

The brood combs occupied a space about eight by nine inches across 
in the middle of the nest, as shown in figure 1, and were in three layers. 
The largest was uppermost and complete; a second layer about half 
as large covered a part of the first below and extended sidewise beyond 
it; the third-layer, covering a part of the outer edge of the second, was 
apparently not completed in time to be used, with the exception of a 
few cells. The two layers of completed comb contained approximately 
450 cells. 

The colony, which was a large and very active one, was located on a 
dry bank within about a foot of the wheel tracks of a little-used forest 
road. It was surrounded by vines and weeds on all sides except in 
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front, so the hornets leaving the nest were compelled to take off into 
the roadway before dispersing. One could approach readily to within 
a few feet of the nest along the roadway, but these hornets had lost 
none of their temperament in the lowly disposition of their nest. Several 


Nest of Vespula maculata (L.). Figure 1. Under side of nest showing the 
three layers of comb opposite A, B and C. Note thickness of nest wall at the 
ground level. 2. Side view of nest showing entrance, with horizontal grapevine 
and erect weed stem passing through the nest. 


of the workers were collected during the season and a larger number were 
found dead in the nest at the close of the warm weather. 

The nest was first discovered by Dr. L. Y. Lancaster, of State 
Teachers College, Bowling Green, Ky., about the end of August and was 
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under observation by the writer until the hornets deserted it after the 
coming of frost in October. The site was South Bass Island in Lake 
Erie, where typically constructed nests are often observed. The nest 
is now preserved in the insect collections of the Ohio State University. 

I have shown this nest to many entomologists and naturalists and 
questioned many others, but no one seems to have observed one like it. 
In searching the literature I have found but one reference to a nest 
which touched the ground. Mr. Wm. T. Davis (Brooklyn Ent. Soc. 
Bull., 14: 120) makes mere mention of a nest which ‘‘had no paper 
between the lower comb and the ground; it had been started too low 
down.” Philip Rau (Ann. Ent. Soc. Amer., 22: 666-7) reports that 
a portion of the wall of a nest which he collected for study had become 
torn off and lodged a few inches from the ground. The few remaining 
hornets used this as a home and even built small combs beneath it. 
However, there was little attempt at reconstruction of the nest and the 
hornets came and went through an accidental tear in the cover. 

Rau’s observation suggests that possibly the nest here described 
might have been dislodged from slightly higher up and the hornets 
did not desert it. If such were the case they remodeled it so completely 
and symmetrically that there remained not the slightest evidence of 
an accident. On the other hand it may have been started too close 
to the ground and simply widened when it came into contact. Nests 
built beneath the eaves or window caps of buildings are usually molded 
on one side to conform to the space. 

Nest of Yellow-jacket.—The yellow-jackets in general select pro- 
tected places, usually under ground, or in holes in stumps or logs, but 
Vespula arenaria Fab. does sometimes build above ground, either low 
down where the nest is well protected by weeds and shrubbery, or 
occasionally higher up under the eaves of lower buildings. The nest 
here described was attached to the horizontal limb of a maple tree, 
out in the open, fifteen feet above the ground, and as much exposed 
as the nests of the black hornet often are. It had all the general 
appearance of the ordinary pear-shaped black hornet nest, but its 
texture was much more delicate and the walls thinner. The nest 
was about nine inches high by seven wide and the aperture was 
located on one side about two inches above the lowest point. The 
main comb was circular and about five inches in diameter. Below 
this was a second comb three and a half inches across. The colony, 
which was a very busy one, was under observation for a couple of 
months and was collected about the middle of October after it was 
deserted. While the nests of the yellow-jacket are abundant enough, 
this is the first one I have ever noted in the open more than a foot 
or so above the ground. 

A further oddity was the unprotected nest of Polistes fuscatus F. 
a couple of inches across, attached to a grapevine stem two feet above 
the nest of the black hornet. While in some of the drier parts of the 
country wasps’ nests frequently occur in the open, it is very unusual 
in Ohio to find one unprotected even by foliage. It would seem that 
something must have seriously upset hymenopteron psychology in 
that particular locality. 





POPULATION STUDIES OF TWO SPECIES OF ANTS, 
LEPTOTHORAX LONGISPINOSUS ROGER AND 
LEPTOTHORAX CURVISPINOSUS MAYR. 


A. E. HEADLEY, 
Ashtabula, Ohio 


Population studies of social insects, while on the increase, are still 
in the beginning stages. Possible reasons for this lack of study are: 
(1) taxonomic and economic studies have dominated the field, (2) there 
is lack of interest in population problems by those who have the nec- 
essary background knowledge of social insects, and (3) there are diffi- 
culties in controlling the environment of social insects in such a way 
that successful laboratory studies may be made upon them. However, 
social insects are valuable for population studies because of the fact 
that each colony is a closed unit of society which shows all the phases 
of population phenomena of incipiency, growth, and decline. More- 
over these populations are stable units of a restricted environment, 
because each centers around a nest which is usually maintained in one 
particular spot throughout the life of the colony. Ants are favorable 
social insects for population studies because they are so abundant, so 
numerous in varieties, and so varied in habitat. 

Few population studies of ants have been made and such work as 
has been completed has been largely the incidental counting of colonies 
or individuals of colonies as part of some other ant study. Various 
population studies should include such intraspecific social relationships 
as size of colony, proportion of all phases of brood to adults, egg fertility, 
time span of each developmental stage, length of adult life, colony 
development and decline, and nest construction as an expression of 
colony activity. They should include such interspecific social relation- 
ships as average size variations of colonies within a species, distribution 
of nests within a restricted habitat, the amount of territory each colony 
needs to maintain itself, and the relationship of the ant population to 
the ecological community as a whole. This paper attempts to work on 
only one phase of these problems, namely, to make a quantitative study 
of the ant Leptothorax longispinosus Roger, and to a smaller extent 
the closely related Leptothorax curvispinosus Mayr, as to variation in 
size of colonies and relationships of all developmental stages throughout 
the seasons of a year, in a restricted nest habitat (acorns) and in a 
restricted ecological environment (an oak woods bordering on a beech- 
maple-hemlock ravine). 

This phase of population study is fundamental to further work but 
to date it has been rather restricted in extent. Talbot’s (1943) work on 
Prenolepis imparis is perhaps the most complete since it carried on a 
year’s study and included counts of eggs as well as larvae, pupae, and 
adults for 20 colonies. Wesson (1939) counted 31 colonies of Harpagox- 
enus americanus which were parasitizing colonies of Leptothorax curvi- 
spinosus, and Wesson and Wesson (1940) recorded 8 nests of the 
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Leptothorax schaumi-Leptothorax fortinodis group. Pricer (1908) counted 
24 mature colonies of Camponotus herculeanus pennsylvanicus and its 
variety ferrugineus but he counted in the winter when only adults, 
winged forms and larvae, were present. Pickles (1940), over a period 
of five years, made counts of 16 colonies of Lasius flavus, 27 of Formica 
fusca and 29 of Myrmica ruginodis but in these counts eggs were ignored, 
no attempt was made to procure a year round picture of population 
fluctuation, and some of the records represent recounts of colonies 
which had been dug and then returned to their nesting site with the 
expectation that they would reorganize and thrive as usual. This 
technique, as Pickles himself admits, is not a suitable method of studying 
ant populations since the colony is thoroughly disrupted by such 
treatment. Other countings have been fragmentary in nature and 
include such records as: 6 colonies of Formica rufa (Andrews, 1929), 
3 of Formica exsectoides (Cory and Haviland, 1938, and Andrews, 1929), 
2 of Leptothorax curvispinosus (Sturtevant, 1925), and one each of 
Formica rufa obscuripes (Weber, 1935), Eciton hamatum (Schneirla 
1934), Prenolepis imparis (Dennis, 1941), Solenopsis fugax, and Mono- 
morium pharaonis (Donisthorpe, 1915). 

The ants Leptothorax longispinosus and Leptothorax curvispinosus 
were chosen for this study because in previous collecting a place had 
been found in which these ants were unusually available, nesting in 
acorns. The acorn nests are considered valuable because they give a 
definite, restricted, and uniform nesting space for each colony, and they 
can be collected abundantly. 

Description of the Collecting Area.—The ants were secured in Ashta- 
bula County, Ohio, approximately a mile and a half southwest of the 
village of Harpersfield. The collecting ground is a part of the R. T. 
Hauptfear farm and may be located by traveling from Harpersfield 
southward on route 534 until it makes a left angle, at which point a 
macadam road leads directly ahead. The woods is on the right side of 
the macadam three hundred yards west of the main road. 

This part of Ohio is unique in that it is cut by a series of hemlock 
ravines bordering on Lake Erie. As the Grand River cut its way 
westward through a terminal moraine it dug a deep gulf 25 to 125 feet 
deep along its course into Lake Erie. In this region on the south side 
of the gulf are many deep ravines leading into this main one. The 
ravines leave fingerlike projections of upland which are sometimes 
wooded, sometimes merely fringed with woods, for 20 feet or more back 
from the ravine. These upland woods form a beech-maple climax with 
a scattering of oaks, shagbark hickory, elm and ash. Near the top 
border of the ravines, where the ants were collected, is a mixed woods of 
white, red, chestnut and scrub oaks and white pine, with an occasional 
beech or maple tree. Here the ground vegetation is very sparse due to 
the poor quality of the clay-and-shale mixture found along the top 
edges of the ravines. There are some hazelnut bushes, ground pine, 
wild grape-vine runners, a little moss, and tufts of grass here and 
there. Some flowers bloom in the spring before the trees shade the 
ground but no conspicuous flowers of summer or fall are found. In 
some spots the fallen leaves are blown over into the ravine below leaving 
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the ground barren. This is a great aid in collecting acorn nests. The 
soil is very moist during the rainy season of the year but drains off so 
quickly that it is usually hard and dry. This condition proves very 
favorable for ant nests in acorns because the rapid drainage and scarcity 
of dead leaves prevents mold from accumulating in the nuts. 

Distribution of Nests ——Leptothorax longispinosus nests occur most 
abundantly about 15 feet from the rim of the ravine, where shade of 
trees is dense, while L. curvispinosus are more numerous under the outer 
branches of the fringe of oak trees, where the sun penetrates. Acorn 
nests are the predominant nests in the area. In the months of collecting 
no ant nests were seen in the ground nor were any located in dead sticks 
on the ground. One A phaenogaster tennesseensis nest occurred in a 
large beech tree which had fallen over, but, aside from this, acorns were 
the main habitat in the area collected. Beside the Leptothorax species, 
the acorns housed Ponera coarctata pennsylvanica Buckley, Cremato- 
gaster lineolata Say, Myrmecina graminicola americana Emery, Myrmica 
punctiventris Roger, and Brachymyrmex heeri depilis Emery. Acorns 
seem to form unusually fine niches for many kinds of insects. With the 
exception of each year’s new fall, there is a 95% infestation by some 
kind of insect. The acorn supplies many larvae with abundant food as 
well as an excellent protection against predators. The 5% not inhabited 
by insects usually have some kind of life in them: spiders, snails, 
mold, etc. 


Density of Population of Nests per Area.—In order to determine the 
abundance of ant colonies and ants in this habitat two areas 50 feet 
long and 5 feet wide were selected, giving twenty 5-foot-square plots, 
and the positions of all the acorn ant nests in these plots were recorded 
on squared paper as the colonies were collected for counting. On this 
500 square feet of ground there were found 58 acorn nests which con- 
sisted of 41 of L. longispinosus, 13 of L. curvispinosus, 2 of Myrmecina 
graminicola americana and one each of Myrmica punctiventris and 
Ponera coarctata pennsylvanicus. This gave an average of 2.9 nests for 
each 5-foot square, of which 2.1 were L. longispinosus and .65 were L. 
curvispinosus. When all of the 58 colonies were counted it was found 
that they gave a total of 8962 ants in the 20 plots or an average of 
448.2 for each 5-foot square. There were 3180 worker ants in the 20 
plots or an average of 158.0 workers for each 5-foot square. Thus on 
every square foot of ground there were 6.4 workers foraging for food to 
feed 17.9 ants (workers plus brood). 

In order to determine the proportion of acorns inhabited by ants 
the total number of acorns lying on the ground were counted for several 
5-foot squares and they were found to average 27.5 Acorn ant nests 
averaged 2.9 nests per 5-foot square, which equals 2.9 nests per 27.5 
acorns or one nest for 9.5 acorns. 

In these plots there were 3.2 L. longispinosus to every L. curvispin- 
osus and in the complete collection of 132 colonies the proportion was 
2.8 L. longispinosus to every one L. curvispinosus. This was due to the 
fact that collecting was done beneath the dense shade of trees. If the 
collecting area had been in the more open, sunny places, the proportion 
of the two species might have been reversed. 
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Description of the Acorn Nest and of the Colony Within It.—The 
acorns are approximately 34 inch long and 4 inch at the greatest diam- 
eter. They are usually of white oak although there are red oak nests 
also. The ones used by the ants are several years old; those too hard 
to be broken easily with the fingers never have colonies in them. There 
is no break in the surface except for the little round entrance, which is 
always a perfectly symmetrical opening 1/16 inch in diameter. It is 
located in the area of greatest diameter or at the edge of the cap where 
it fits down over the acorn, never in the narrow end. The normal posi- 
tion of the entrance is along the side close to the ground; if the entrance 
is at the top side, the acorn has been disturbed by wind or by some 
animal. Occasionally it is next to the ground on the under side; in this 
case there is usually a little circle of soil stuck onto the acorn around 
the hole. Sometimes a leaf will be stuck to the acorn and the entrance 
will penetrate through this. 

The shell is always tight enough so that even in winter when snow 
covers the acorn it never becomes soggy. The nest may become bone 
dry during drought periods but it usually contains some moisture. Ants 
are never found in a moldy acorn or a soggy one. There is little debris 
inside and this is composed chiefly of tiny pellets. Occasionally a part 
of the kernel is still there; in that case the nest is divided into compart- 
ments. Generally the acorn is entirely hollow, with the larvae lying 
on the bottom next to the ground. The inside surface of the shell is 
almost always laminated and much of the brood lies in the crevices. 
Winter conditions of the nest are the same as summer conditions except 
that in the winter the workers and larvae are massed into a ball with 
the queen in the center. 


Season of Activity for Leptothorax.—The months of active foraging 
are from April to the middle or latter part of October, depending on the 
weather. However, when the temperature has cooled off to somewhat 
below 50° F., there is no further evidence of outside foraging even 
though the temperature should rise for a short period. This is not like 
the mound-building Formica for they will appear at the surface during 
the winter if the temperature rises above 44° F. (Weber, 1935). Lepto- 
thorax are not entirely immobile during hibernation, for, when a nest is 
opened during the winter, antennae will wave slowly and legs will move 
somewhat. The spring of 1942 was unusually wet and cool and more 
workers were seen out on the ground than had ever before been observed 
by the writer. The temperature at which they were most active was 
between 60° and 70° F. L. curvispinosus consistently moved faster than 
did L. longispinosus. 


Population Counts of Leptothorax longispinosus.—A total of 97 L. 
longispinosus colonies were collected and these had an average popula- 
tion of 135.9. The largest colony had 419 members, of which 141 were 
workers. The average number of workers to a colony was 45.8. These 
small colonies are typical of many ants which live in inconspicuous, 
out-of-the-way crevices and are in contrast to colony populations of 
medium strength such as Prenolepis imparis with its mean population 
of 1519 (Talbot, 1943) or those of tremendous size whose workers alone 
may total the 8,228 of Formica exsectoides (Andrews, 1929), the 30,000 
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of Eciton hamatum (Schneirla, 1934), or the 237,103 of Formica exsec- 
toides (Cory and Haviland, 1938). The confines of an acorn do not seem 
to restrict colony size in any way, for these colonies average as large as 
or larger than those collected from snail shells, twigs, and the like. 
There is no evidence that Leptothorax ever reach a colony size which 
forces them to move from the acorns. 


TOTAL POP. —+—+ 
WORKERS 

PUPAE 

LARVAE 

EGGS 


MARCH-APRIL MAY JUNE JULY AUGUST SEPT. OCT. NOV-DEC. 
COLONIES 10 12 ‘+ is 6 17 10 13 
FiGuRE 1. Population counts of Leptothorax longispinosus colonies throughout 


the year, showing fluctuations in numbers of eggs, larvae, pupae, and adults at 
the various seasons of the year. 


L. longispinosus overwinters many larvae of small to medium size. 
In the inactive months, when no other brood was present, there was 
an average of 1.6 larvae to every worker or 61.2 to the colony. Larvae 
began their spring growth by the first of May and by May 10 (1942) a 
number had grown to full size, while the rest remained medium to small 
in size. Evidently a few had been selected for the early feeding. By 
May 31 some larvae were found that were larger than adult workers 
and were destined to become females. The overwintered larvae did not 
begin to pupate until the second week of June. Egg laying began about 
the middle of May, but no record of hatching was obtained because 
spring larvae could not be distinguished from the retarded overwinter 
ones. Egg laying continued into September. During late June and 
July there were male and female as well as worker pupae in the nests, 
but the August and September pupae were all worker. Pupation 
ceased during the early part of September and all the remaining larvae 
overwintered in the nest. 
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Workers reached their lowest numbers in June, before the year’s 
crop of pupae had begun to emerge, and built up to their full strength 
by September, when pupation ceased. At all seasons of the year the 
immature forms more than equaled the adults and in the total popula- 
tion of 97 colonies there was one worker for every three colony members 
(workers plus brood). (See fig. 1.) 

Queenless (?) colonies were amazingly abundant, 34 of the 97 col- 
onies being without dealate queens. Fourteen of these can be accounted 
for by the fact that they were parasitized by Harpagoxenus americanus 
and so may have had their queens killed by the invaders. Of the 
remaining 20, only 4 were obviously decadent in that they had no eggs 
at a time when eggs would be expected. The other 16 colonies might 
have recently been deprived of a queen, the queen might have been 
out of the nest at the time when it was collected, or workers might have 
taken over the function of laying. This subject of substitute and 
parthenogenetic egg-laying has recently been reviewed by O. Macken- 
son (1943) in the case of the honey bee. 

Parasitism.—The slavemaking Harpagoxenus americanus was found 
15 times associated with L. longispinosus. This number gives an average 
of 1 to 6.5 infestation. In a previous collection by the writer 24 nests of 
L. longispinosus had 3 invaded by Harpagoxenus, or an average of 1 to 8. 
The proportion is similar to the proportion of 1 to 7.8 of Sturtevant 
(1927) and is considerably greater than the 1-15 ratio given by Wesson 
(1939) and tends to confirm Wesson’s view that the dulotic Harpa- 
goxenus is not so rare as has been supposed. Wesson and Sturtevant 
found their Harpagoxenus in L. curvispinosus nests but, strangely 
enough, in this acorn collection Harpagoxenus were confined to L. 
longispinosus and were never found parasitizing L. curvispinosus. Of 
the 15 colonies collected, 4 were evidently recently invaded by a queen 
for there were no Harpagoxenus workers; 7 colonies represented well 
established relationships with workers as well as having the parasitic 
queen present; while 3 colonies represented what Wesson calls ‘‘sec- 
ondary colonies’ or establishment of mixed colonies by a few workers 
which stay behind in a raided colony and take up residence with the 
remnants of the Leptothorax. One colony had a Leptothorax female in 
addition to the Harpagoxenus queen. 


Population Counts of L. curvispinosus—While the study of L. 
longispinosus was the main obejctive, enough L. curvispinosus nests 
occurred in the acorns of the woods to make it seem worth while to 
collect these in order to compare and contrast the two closely related 
species. There were 38 L. curvispinosus colonies collected and these had 
an average population of 235.0 members. The largest colony had 727 
members, of which 369 were workers. The average number of workers 
to a colony was 82.6, which is almost twice the number in the L. longi- 
spinosus colonies. As in L. longispinosus small to medium sized larvae 
were overwintered. During the inactive months, when only workers 
and larvae were present in the nest, there was an average of one worker 
to 1.3 larvae. Spring egg laying began in the middle of April, a month 
earlier than for L. longispinosus, and continued until the early part of 
September. By Oct. 20 all eggs had developed into larvae. These 
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larvae were retained in the nest all winter and began to pupate during 
the early part of the following June. 

Queenless colonies were even more abundant than with L. longi- 
spinosus, almost one third of the colonies being without functional 
queens. 

L. curvispinosus are much more active and move more quickly than 
L. longispinosus. No L. curvispinosus colonies were found parasitized 
by Harpagoxenus americanus. 


TABLE I 
POPULATION Counts OF CoLontEs OF Leptothorax-longispinosus ROGER 


Pupa 
Date |Queen| Worker | Male | Female |______|Larva} Egg | Total in 






























































1Leptothorax curvispinosus. 
*Harpagoxenus americanus. 
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TABLE I—(Continued) 






























































Pupa 
Date |Queen| Worker | Male Female Larva| Egg | Total in 
Colony 
w. | m.,| f. 
6-21-42 1H BM eikaiveed ie sine ie cet 1 4 31 
1 De We scarab siae ater Dev baes 19 8 59 
1 w. evlewen Vasko vas anee Cticctesst cae 19 157 
1 De dined Hewsaeniswibed 3s a 22 2 30 
6-28-42 1H a errr eee ot Re ee 9 1 49 
RE EE Benes sun ctbes sas euay 1l | 7 |45 27 40 200 
bees TEE Ais sccud.cs]esvacver See. eae a eee 55 
inane BB, BEE. beiaccacccdscvicesanee ae Le Wkvceevs 66 
7- 5-42 1 re a iidne tuekendenv ie De Fy ctees 14 22 57 
1 ee aes ers Bi sicko niee Pe abn s 79 44 187 
Pee NO Ne vide sdesheatacacns 16 | 5 {19 3 21 124 
Tyre Be Bea ncasis sabenasekcnciee ae WP teveccs 47 
7- 9-41 1 BES Zc als hed ene 55 see 132 |...]...) 40 82 177 
1 _ ee ne ere. Se Pe ee 75 243 
reba wa 31 Fchnie Xe eine bob Ae Ee 44 26 193 
7-10-41 1 We Menace ahs teeee cee dn fs hang 24 28 68 
pikers el Sr eee: RE ee! 5 31 60 
1 ME itesinaare shies ctcees Bt Sh 5 6 36 
7-12-41 2 Bm Miwenaceembatesad .. 54 J13 ]...] 41 68 221 
1 BT * Bech S. chou eesuaate ts __ Soe 26 74 189 
Bic tacd BA cick arnt 10 {47 | 1 |15 48 49 256 
Pieage 7 1 10 BW iia Chock an cectans 22 
Lecaee 55, 6H 7 eT eee 8 | 105 187 
8-16-41 1 54 1 a ancalenes 2;2/]...| 84] 109 252 
1 ee hs ales (‘Mesascaene We hae 80 73 214 
1 Be Ewes LeCKa a auete Ieee 39 117 
bata 13 3 3 Roby cakes 63 25 108 
1 BS Whosuikp aden tow ae wae Bib. sien BRE, wei 130 
1 We, Es Badri dea esaws sites Sicdheot 44 153 
9- 2-42 |...... DE Labial: erate te hates phe siee 14 1 66 
1 Br sR aciahecurns's eerie, ee ee 3 55 
1 Me aateneaaeutee sexs 5 EE sabes 73 20 192 
1 Belts inis cine Was een ee es 16 355 
9- 4-41 1 MA vacdancaeceernsek Bi..c..st OM 10 212 
DUNE EE Biscéss0-e4 vcleienns cer Bis cobeas 12 30 81 
1H ee ae PEs ohne ee ee ee 7 18 59 
Dy ARE ry BE Bike ce cei cess PE ich Oe 38 393 
ce WE Es chad inochi Kesey oageeke un ee 28 227 
DN a conse cheeses evheawicesn ae 7 122 
1 BP liinh kc eeaece ech och dvoelesed aan 13 212 
1 OPS fiuxeacases Dit bece Bae teas s 73 4 109 
1 ES aioe ee pa vusnue’ Bes <5 ed ciaea 7 
1 ME lB ha lalee Myrerehcte on aired Fateh ces tt ae 7 166 
hexane Se Bee S| ee eee ie wicas 87 
1 OP: Ses cag cathe ay 3 esac 51 6 102 
1 ite Cy seceded RB bideteac OE hv vncen 143 
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TABLE I—(Continued) 








Pupa 
Date |Queen) Worker} Male Female Total in 
Colony 





10-11-42 99, 5H iwebeannes ‘ 140 
68 cian tenes 267 
44 Be Seer ore 142 


10-20-41 79 se ane ins 275 
10 Sealine ais ‘ 23 


10-24-42 92 sacks ales 158 
36 ceubecunaes 212 
77, 6H nig Emo he 117 
78 ivebiasinds 181 
78 a Soalheace ences 98 
11-17-41 96 ¢waleediee 243 











12-14-40 . aa 72 





12-23-40 re) ee ee 23 
90 


64 
77 
179 
116 
134 
177 






































TABLE II 
POPULATION COUNTS OF COLONIES OF Leptothorax curvispinosus MAYR 








Pupa 
Queen| Worker Female 


369 
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TABLE II—(Continued) 











































































































Pupa 
Date |Queen} Worker | Male | Female Larva| Egg | Total in 
Colony 
w.|m.| f 

5-31-42 1 Mk. (Rich cucunseheeuseeua ened ee 167 541 
1 Mr | Bccutescd Gesueenesanees ances 27 24 76 

6- 7-42 |...... EP diniatubcaghcyansasteatae 0 f12 86 28 148 
ion aie OD) Niccscsesibcastwendsieweea econ «ae 45 161 

1 Mr Medes sy adcekeds cw ied aa 71 88 253 

6-14-42 1 See ee ehankasdeecidarceees 1116 | 257 141 584 
ib wale 42 Ks cenalesternesebacien eee 62 6 133 
6-21-42 1 Pe) ashaxdameesue hee 24 | 16)... 89 37 208 
1 Rs cals baie ate Wa ea SR 106)... 44 89 278 

6-27-42 1 a Peer eer 1 3/62 192 86 429 
6-28-42 |...... Oe Wai pune mein betes 26) 2 16 6 64 
7—- 5-42 |...... 53 35 1l ...| 31/10 98 19 257 
1 Be ie ere ie cee ree ata 48 16 119 

8-16-41 1 BS Sb 4-6 Sete eee etal tine BP Ascelesck ee 31 314 
1 Se. “Eichvn caedibeaeuaue’s ae B's she's 137 4 308 

1 es” Uaseunansseaw terete OP isvctevcl am 23 96 

Nan 41 Liss be aig Laas Coan SS aR ES en cea 15 139 

paehen 14 ee Pree ey re ee ee Oe Bes aa5s 31 

1 Se. Wsdscsduabnduskean Tis cihess 66 194 389 

Q- 2-42 1 55 B:  Resuves Reg if...) il @ 239 
1 Me ECCT ET re 21 |...]...| 104 28 232 

9- 4-41 1 DE » whi s'v-waleeuwhes nee D8. ctccie) ee 12 270 
1 Br ©. 0hisec.s eee warewed RE tvckhvccl Gee 33 365 

10-11-42 |...... Oe? WaiteGueie scene is obec ok EE Ecaeues 201 
10-20-41 | 1 De Meee ees ae cciecies aaccel 143 
11-17-41 |...... Oe" Be icakweesiseatsaes Peles Mano ket ORECACS sae 126 
eee 45 Cis see Sagkes wan awe sbew Mere hny es We Gis acne 86 

12-14-40 1 Bee! Bik eseUmie ca ccs DAE niet ans a 245 
1 SB banana cee pce anaes BR pacus 114 

SUMMARY 


1. In order to make a quantitative study of populations of two ant 
species, 97 colonies of Leptothorax longispinosus and 38 colonies of 
Leptothorax curvispinosus were collected in an oak woods in Ashtabula 
Co., Ohio. All of these colonies were nesting in acorns. They were 
collected throughout the year in order to make a year-round study of 
fluctuations of total populations and of the various developmental 
stages. 
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2. Populations of Individuals in the Colony. 

L. longispinosus  L. curvispinosus 
Average population per colony 135.9 235.0 
Largest colony collected 419.0 727.0 
Average number of workers per colony.. 45.8 82.6 
Largest number of workers per colony... 141.0 367.0 
Proportion of workers to total population 1 to 3.0 1 to 2.8 
Brood overwintered larvae only larvae only 
Beginning of spring egg laying..........mid May mid April 
Peak of egg production August August 
End of egg laying season mid Sept. mid Sept. 
Overwintered larvae began pupating... . first of June first of June 
Summer larvae all pupated by..........mid Sept. mid Sept. 


3. Populations of Nests in an Area.—In the woods investigated 
almost the entire ant population nested in acorns. In a plotted area 
of 500 sq. ft., there were 58 acorn ant nests. These nests contained 
8962 ants or 17.9 ants per sq. ft. There were 3180 workers or 6.4 workers 
per sq. ft. Thus each worker foraged for itself and 2 others of the colony. 
Of these 58 colonies, 41 were of Leptothorax longispinosus, 13 were of 
Leptothorax curvispinosus, and 4 were of other species of ants. - There 
was an average of one ant colony for 9.5 acorns. 

4. Parasitism by Harpagoxenus americanus.—Fifteen colonies of 
L. longispinosus were infested by the slave making ant Harpagoxenus 
americanus; thus 1 out of 6.5 were parasitized. No Harpagoxenus 
were found in L. curvispinosus colonies. 
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THE TYPES OF HESPERIOID GENERA. FURTHER 
ADDITIONS AND CORRECTIONS TO THE 
LINDSEY LIST, 1925! 


HAROLD H. SHEPARD, 


University of Minnesota, 
St. Paul, Minnesota 


In 1925 A. W. Lindsey? published a catalog of 568 Hesperioid 
generic names (exclusive of Battus and Frenati, as well as four names 
listed as clerical errors) with data concerning genotype fixations. The 
present writer in 1931* added 25 names and called attention to several 
corrections made necessary by new information. In the decade fol- 
lowing this second paper several workers have contributed important 
revisions of the Hesperiidae of the Indo-Australian and the African 
regions, and of Argentina on the South American continent. Recent 
intensive investigations pertaining to the publication dates of early 
works, especially the dates of Hibner’s works by Hemming, have 
changed the standings of some of the earlier names. In the compilation 
of a new Nomenclator Zoologicus (1939), S. A. Neave added a number 
of early names that do not appear in Scudder’s Nomenclator Zoologicus 
(1882). A few of these are names also in use for Hesperioid genera. 
For the latter Hemming has suggested new names. The status of the 
older generic names of holarctic butterflies up to 1863 has been reviewed 
by Hemming.‘ A total of 63 new names appears in the present list of 
additions to Hesperioid genera and their types. 

According to Opinion 65 rendered in connection with the Inter- 
national Rules of Zoological Nomenclature, if an author designates a 
certain species as genotype, it is to be assumed that his determination of 
the species is correct. Hemming, however (note page 10 of Generic 
Names of Holarctic Butterflies), appears to have applied a different 
reasoning in some cases (as in Spilothyrus). Fortunately a difference of 
interpretation here does not make for much confusion. With malvae 
as the type of Spilothyrus the latter is a strict synonym of Pyrgus 
whereas with alceae as type Spilothyrus falls to Carcharodus. 

Although the new Nomenclator Zoologicus is of inestimable value in 
reducing the labor of checking for homonyms, the importance of special- 
ized lists accompanied by genotype citations and related pertinent 
evidence remains. The intensive review of genotypes in all the various 
groups of insects would be a potent move toward the relatively stable 
nomenclature for which all zoologists long. To give some idea of the 
degree to which stability is being attained in the Hesperioid genera, 
the status of only eight generic names has changed significantly since 
1925 out of the 83 listed by Lindsey as being proposed before 1860. 


1Paper No. 1946, Scientific Journal Series, Minnesota Agricultural Experiment 
Station, St. Paul. 

2Lindsey, Ann. Ent. Soc. Amer., 18: 75-106, 1925. 

3Shepard, Ann. Ent. Soc. Amer., 24: 173-176, 1931. 

‘Hemming, Generic Names of Holarctic Butterflies, British Museum, 1934. 
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Naturally the older names are the harder ones to stabilize. At the 
same time they provide the more conspicuous examples of instability 
because they frequently apply to well known insects. It is gratifying 
that wherever possible most workers, in citing genotypes, make selec- 
tions which will cause the least confusion or even result in no change 
whatever. 

The form of the previous papers in this series has been followed for 
the sake of uniformity. Preoccupied names are marked f. It appears 
helpful to repeat the terms used by Lindsey to designate the various 
kinds of genotype fixation: 

Orthotype—a type designated in the original generic diagnosis. 

Haplotype—a type by virtue of being the single included species. 

Logotype—a type designated subsequent to the original diagnosis. 

Diatype—a type of a genus substituted for a homonym. 

Pseudotype—a type designated wrongly. 


(Abantiades) 

1894, Fairmaire, Ann. Soc. Ent. Belg., 38:395. Fairmaire listed several 
generic changes, including ‘‘Abantis (Lépidoptéres) = Abantiades.”” Appar- 
ently he meant that Abantis Fairmaire, 1892, Coleoptera, Tenebrionidae, 
being preoccupied in the Lepidoptera (Hopffer, 1855), should be replaced by 
Abantiades Fairmaire, 1894, new name (see Coleopt. Catalogus, 18: 341). 
Shepard (Lepid. Catalogus, (pt. 69): 328, 1935) was misled by Fairmaire’s 
lack of explanation. He was followed in this by Evans (Cat. Afric. Hesp. 
51, 1937). Abantiades should no longer be included in lists of Hesperiid 
generic names. 

Acada Orthotype Pamphila bisertata Mab. 

1937, Evans, Cat. Afric. Hesp., 108-109. 

Adlerodea Orthotype sae modesta Hayw. 

1940, Hayward, Anales Sociedad Cientif. Argentina, 130: 

Aecas bicaee ‘Papilio aecas Stoll 

1939, Hemming, Proc. Roy. Ent. Soc. London, (B) 8:137. To replace Flaccilla 
Godman, 1901, preoccupied. 

Alenia Orthotype Pyrgus sandaster Trim. 

1935, Evans in Hale Carpenter, Trans. Roy. Ent. Soc. London, 83: 409. 

Ametron Orthotype Ametron subviridis Hayw. 

1940, Hayward, Anales Sociedad Cientif. Argentina, 130: 85 

Andinus Orthotype Andinus venustus Hayw. 

1940, Hayward, Rev. Soc. Ent. Argentina, 10: 284. 

Anisyntoides Orthotype Cyclopides argenteo-ornatus Hew. 

1932, Waterhouse, Austral. Zool., 7: 198, 200. 

Ankola Orthotype Osmodes (?) fan Holl. 

1937, Evans, Cat. Afric. Hesp., 106-107. 

Antigonus Orthotype Urbanus erosus Hubn. 

1819, Hubner, Verz. bek. Schmett., (7): 108. The only described species included 
was erosus Hubner; ustus (Hibner) Geyer, 1832, was at that time only a 
manuscript name, as pointed out by Hemming (1934). 

Arrhenella Orthotype Pamphila marnas Feld. 

1937, Waterhouse, Proc. Linn. Soc. New So. Wales, 62:122. To replace 
Arrhenes as used by Evans (1926, 1932, 1934) and by Waterhouse (1932). 

Arrhenes 

1904, Mabille in Wytsman, Gen. Ins., 17b: 142. ‘“Arrhenes, Mabille in litt.” 
given as a synonym of Ocybadistes Heron. 

1926, Evans, Jour. Bombay Nat. Hist. Soc., 31:57. Said ‘5 or more species,” 
but named none. 

1932, Waterhouse, Austral. Zool., 7: 200. Type cited as marnas Feld. 

1934, Evans, Entomol., 67: 206. Also cited marnas. 

1937, Waterhouse, Proc. Linn. Soc. New So. Wales, 62: 122. Pointed out that 
Arrhenes was first mentioned as a manuscript synonym, and that it can 
only be considered as a synonym of Ocybadistes Mabille (not Heron); see 
Arrhenella. 
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Astycus Logotype Papilio tages Linn. 

1822, Hubner, Syst. Alph. Verz., 1, 3, 5, 6, 8-10. Included tages and 21 other 
European species, but not augias (according to Hemming). 
ol Lép. Coll. Franck, 85. Included augias (according to Scud- 
er, 1875). 

1875, Scudder, Proc. Amer. Acad. Arts and Sci., 10: 122. Cited augias as type. 
1933, Hemming, Entomol., 66: 200. Cited tages as type. 

Ateleomorpha Logotype one onopordt Ramb. 
1926, Warren, Trans. Roy. Ent. Soc. London, 74: 19, 87, 
1934, Hemming, Stylops, 3: 143. Cited onopordi as type. i Teleomor pha). 


Aurina Orthotype Aurina dida Evans 
1937, Evans, Cat. Afric. Hesp., 26. 

Baorynnis Orthotype Pamphila amalia Semper 
1932, Waterhouse, Austral. Zool., 7: 201. 

Brusa Orthotype Parnara saxicola Neave 


s 
1937, Evans, Cat. Afric. Hesp., 173. On plate 7 as Bruasa in error. 
Caicella Diatype Eudamus caicus H.-S. 
1934, Hemming, Stylops, 3: 144. To replace Phoedinus Godman and Salvin, 
1894, preoccupied. 
Carcharodus Logotype Papilio alceae Esp. ( =fritillarius Poda, 1761). 
1819, Hubner, Verz. bek. Schmett., (7): 110. Included three species: /avatherae 
[sic] (as No. 1189), altheae (as No. 1190), and ‘‘C. Malvae Schiff. Verz. Pap. 
A. 1. Hutbn. Pap. 450. 451. Alceae Esp. Pap. 51.3.”’ (as No. 1191). On 
page 109, Hubner had already placed malvae Linn. in the genus Pyrgus. 
1879, Plotz, Ent. Zeitg. Stettin, 40: 179. Cited alceae as type. 
1893, Watson, Proc. Zool. Soc. London, 44, 67. Cited lavaterae as type. 
1934, Hemming, Gen. Names Holarctic Butt., 164. Believed that alceae 
(=fritillarius) should be the type. 
Carterocephalus Logotype Papilio paniscus Fab. (= palaemon Pall.) 
1852, Lederer, Verh. zool.-bot. Ges. Wien., 2: 26, 49. Included (p. 26) paniscus 
Fab. (=palaemon Pall.), sylvius Kn., and argyrostigma Ev.; also (p. 49) 
proposed as a new name for Steropes Boisd. The latter usage by Lederer 
evidently referred to Steropes of Boisduval (1836) which contained panis- 
cus; Steropes Boisduval (1832) was erected for picta, ornata and jacchus (see 
Hemming, 1934). However, because the first valid use of Carterocephalus is 
on page 26, the identity of Steropes Boisd. does not affect the case. 
(Although the generic name Steropes Boisduval is a homonym, Lederer 
discarded it not for this reason but because it contained the specific name 
steropes, a case of tautonomy which was at that time considered undesirable 
but which is not discouraged by the present International Rules.) 
1875, Scudder, Proc. Amer. Acad. Arts and Sci., 10:270. Cited paniscus Fab. 
as type. 
a Orthotype Pamphila citrus Mab. 
1900, Godman, Biol. Centr.-Amer., Rhop., 2: 474. Preoccupied by Choerephon 
Dobson, 1874, Mamm.; see Voretta. 
Chitralia Diatype Elwesia leshiet Evans 
1932, Evans, Identif. Indian Butt., 2d ed., 307, 357. Erected to replace Elwesia 
Evans, preoccupied. 


Cobaloides Orthotype Cobaloides argus Hayw. 
1938, Hayward, Anales Sociedad Cientif. Argentina, 126: 448. 
Coeliades Logotype Papilio forestan Stoll 


1818, Hubner, Zutrage Exot. Schmett., 1:31. Contains only taminatus and 
forestan (according to Hemming). 
gy concoga Verz. bek. Schmett., (7): 106. Contains forestan, dubius and 
chromus. 
1875, Scudder, Proc. Amer. Acad. Arts and Sci., 10: 145. Cited dubius as type. 
1935, Hemming, Trans. Roy. Ent. Soc. London, 83: 436. Fixed forestan Stoll as 
type; thus ee with the same type falls to Coeliades. (See 
Dubiella). 
Creteus 
1852, Westwood in Doubleday and Westwood, Gen. Diurn. Lepid., 2: 511. 
Given as of Hubner in a list of generic synonyms under ‘‘Goniloba Westw.” 
tCreteus Orthotype Hesperia cyrina Hew. 
1895, de Nicéville, Jour. Bombay Nat. Hist. Soc., 9:385. Preoccupied by 
Creteus Westwood, 1852, Lepid., Hesp.; see Cyrina. 
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Croitana Orthotype Cyclopides croites Hew. 
1932, Waterhouse, Austral. Zool., 7: 199, 200. 
Ctenoptilon 
1903, Mabille in Wytsman, Gen. Ins., Hesp., 75. Misspelling of Ctenoptilum de 
Nicév., 1890; repeated in Seitz, vols. 1 and 9. 
= Haplotype Cyclosma abdonides Draudt 
a Draudt in Seitz, Macrolepid. World, 5: 978. 


Cydru 
1820, | Billberg, Enum. Ins., 81. Dalman MS; an Hesperioid name, according to 
Neave. 
Haplotype Cydrus naevolus Godman 
, Godman, Biol. Centr.-Amer., Rhop., 2:512. Preoccupied by Cydrus 
Billb., 1820, Lepid., Hesp.; see Naevolus. 
Cyrina Diatype Hesperia cyrina Hew. 
1939, Hemming, Proc. Roy. Ent. Soc. London, (B) 8:39. To replace Creteus de 
Nicév., 1895, preoccupied. 
Dardarina Orthotype Cyclopides dardaris Hew. 
1937, Evans, Revista Ent., 7: 88-89. 
Dubiella Orthotype Papilio dubius Stoll 
1936, Evans, Proc. Roy. Ent. Soc. London, (B) 5:55. New name for Coeliades 
auct. 
ae Orthotype Elwesia lesliei Evans 
1926, Evans, Jour. Bombay Nat. Hist. Soc., 31:53, 429. Preoccupied by 
Elwesia Hampson, 1894, Lepid., Noctuidae; see Chitralia. 
Felicena Orthotype Thymele dirpha Boisd. 
1932, Waterhouse, Austral. Zool., 7: 199, 200. 
tFlaccilla Orthotype Papilio aecas Stoll 
1901, Godman, Biol. Centr.-Amer. Rhop., 2:5938. Preoccupied by Filacilla 
Koken, 1896, Moll.; see Aecas. 
Fresna Orthotype Hesperia netopha Hew. 
1937, Evans, Cat. Afric. Hesp., 164-166. 
Fulda Orthotype Hesperia coroller Boisd. 
1937, Evans, Cat. Afric. Hesp., 86-88. 
+Gastrochaeta Haplotype Gastrochaeta mabillet Holl. 
1894, Holland, Ent. News, 5: 28. Preoccupied by Gastrochoeta Dujardin, 1840, 
Prot.; see Meza. 
Gretna Orthotype Hesperia cylinda Hew. 
1937, Evans, Cat. Afric. Hesp., 149-151. 
Hemiteleomorpha Logotype Papilio malvae Linn. 
1926, Warren, Trans. Ent. Soc. London, 74: 19, 72, 163. 
1934, Hemming, Stylops, 3: 143. Cited malvae as type. (See Teleomorpha.) 
Heteropterus renee Papilio morpheus Pall. 
1806, Duméril, Zool. Anal., 271. No species give 
1823, Duméril, Consid. gén. Classe Ins., 222, pl. ‘41 (nec 42). Only morpheus 
indicated. 
1870, Kirby, Jour. Linn. Soc. London, (Zool.) 10: 500. First citation of mor- 
pheus as genotype, as pointed out by Hemming. 
Hovala Orthotype Cyclopides pardalina Buti. 
1937, Evans, Cat. Afric. Hesp., 64-66. 


liana 
1937, Bell, Amer. Mus. Novit., (914): 8. 
tIsmene Haplotype Ismene oedipodea Swains. 
1820, Swainson, Zool. Illust., 1, pl. 16. Preoccupied by Ismene Savigny, 1816, 
Lepid., Pyralid. Oedipodea, the only included species, being congeneric with 
vasutana Moore, the type of Burara Swinhoe, the latter generic name 
replaces Jsmene of Swainson. Evans (Entomol. 67:33, 1934) supplanted 
the subfamily name Jsmeninae by Rhopalocamptinae; however, following 
the action of Hemming (Trans. R. Ent. Soc. Lond., 83: 436, 1935) in fixing 
the type of Coeliades Hiibner (1818), Coeliadinae was suggested by Evans 
(Cat. Afric. Hesp., 9, 1937) as the appropriate name (see Coeliades). 
Kobrona Orthotype Plastingia kobros Plétz 
1935, Evans, Entomol., 68: 66. 
Leona Orthotype Hesperia leonora Plétz 
1937, Evans, Cat. Africa. Hesp., 153-157. 


Orthotype Ilana romulus Bell 
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Lepella Orthotype Hesperia lepeletier Latr. 
1937, Evans, Cat. Afric. Hesp., 76. 
Limochroes 
1902, Dyar, Bull. U. S. Nat. Mus., 52:55. An unfortunate misspelling of 
Limochores Scudder which was copied frequently from this list of North 
American lepidoptera for some years. 


Melphina Orthotype Parnara melphis Holl. 
1937, Evans, Cat. Afric. Hesp., 162-164. 
Metisella Diatype Papilio metis Linn. 


1934, Hemming, Stylops, 3:99. To replace Cyclopides auct. and watsonia Tutt, 
1906, preoccupied. 

Meza Diatype Gastrochaeta mabillet Holl. 

1939, Hemming, Proc. Roy. Ent. Soc. London, (B) 8:39. To replace Gastro- 
chaeta Holl., 1894, preoccupied. In error Hemming gave Hesperia meza 
Hew., 1877, as type; perhaps because Evans (Cat. Afric. Hesp., 124, 1937) 
placed it first in his treatment of Gastrochaeta species. 
Milena Orthotype Parnara plebeia de Nicév. 
1912, Evans, Jour. Bombay Nat. Hist. Soc., 21: 559, 1005. On page 559 Milena 
is listed as a new subgenus of Parnara; on page 1005, ‘‘Plebeia, the only 
Parnara with a tuft of hair on the underside of the forewing deserves to be 
placed in a separate subgenus for which I propose the name Milena.” 

1925, Lindsey, Ann. Ent. Soc. Amer., 18:92. Concluded the name is a nomen 
nudum to be sunk in Parnara, but apparently the statement on p. 1005 
was overlooked. 

1937, Evans, Cat. Afric. Hesp., 175. Stated genotype was fixed by author as 
Parnara plebeia de Nicév. 

Mimoniades Haplotype Mimoniades ocyalus Hibn. 
1823, Hubner, Zutrage, Exot. Schmett., 2:27. One species, ocyalus Hibn. 
1925, Lindsey, Ann. Ent. Soc. Amer., 18:92. ‘‘Haplotype Erycides iphinous 

Latr.” 
1934, Bell, Jour. New York Ent. Soc., 42: 393. Pointed out that iphinous Latr. 
was determined by Mabille (1909) not to be synonymous with ocyalus 


Hubn. 

Miraja Orthotype Trapezites varians Oberth. 
1937, Evans, Cat. Afric. Hesp., 133-136. 

Moltena Orthotype Proteides fiara Butl. 
1937, Evans, Cat. Afric. Hesp., 139. 

Monza Orthotype Goniloba cretacea Snell. 
1937, Evans, Cat. Afric. Hesp., 160-162. 

Mopala Orthotype Ismene (?) orma Plétz 
1937, Evans, Cat. Afric. Hesp., 148. 

Naevolus Diatype Cydrus naevolus Godm. 


1939, Hemming, Proc. Roy. Ent. Soc. London, (B) 8:39. To replace Cydrus 
Godm., 1900, preoccupied. 


Neoxeniades Orthotype Neoxeniades musarion Hayw. 
1938, Hayward, Revista Ent., 9: 372. 
{Nicevillea Orthotype Pamphila gola Moore 


1926, Evans, Jour. Bombay Nat. Hist. Soc., 31:57. Preoccupied by Nicevillea 
Hampson, 1895, Lepid., Noctuid.; see Oriens. 


Noctuana Orthotype Helias noctua Feld. 
1937, Bell, Amer. Mus. Novit., (914): 7. 
Oriens Diatype Pamphila gola Moore 


1932, Evans, Identif. Indian Butt., 2d ed., 312, 399. To replace Nicevillea 
Evans, 1926, preoccupied. 
Panoquina Diatype Hesperia panoquin Scudd. 
1934, Hemming, Entomol., 67: 38. To replace Prenes Scudder, 1872, 
preoccupied. 


Pasma Orthotype Hesperilla tasmanicus Misk. 
1932, Waterhouse, Austral. Zool., 7: 198, 200. 
Pedesta Diatype Isoteinon masuriensis Moore 


1934, Hemming, Entomol., 67:38. To replace Pedestes Watson, 1893. 
preoccupied. 
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{Pedestes Orthotype Isotetnon masuriensis Moore 

1893, Watson, Proc. Zool. Soc. London, 81. Preoccupied by Pedestes Gray, 
1842, Mamm.; see Pedesta. 

{Perimeles Haplotype Hesperia remus Fabr. 

1900, Godman, Biol. Centr.-Amer. ,Rhop., 2: 542. Preoccupied by Perimeles 
Lenz, 1831, Mamm.; see Remella. 

Perrotia Logotype Perrotia albiplaga Oberth. 

1916, Oberthir, Etud. Lép. Comp., 11:240. Neave (Nomencl. Zool. 1939) 
gave the earliest date as 1922. 

1937, Evans, Cat. Afric. Hesp., 186-138. Designated albiplaga as type. 

{tPhoedinus Logotype Eudamus caicus H.-S. 

1894, Godman and Salvin, Biol. Centr.-Amer., Rhop., 2: 335. 

1921, Lindsey, Hesp. No. Amer., 35. Cited caicus as type. Preoccupied by 
Phaedinus Dupont, 1834, Col.; see Caicella. 

Pintara Orthotype Plesioneura pinwilli Butl. 

1932, Evans, Identif. Indian Butt., 305, 338. 

{Prenes Orthotype Hesperia panoquin Scudd. 

1872, Scudder, Syst. Rev. Amer. Butt., 60 (Ann. Rep. Peabody Acad. Sci., 4, 
1871: 81). Preoccupied by Prenes Gistl., 1848, Pisces; see Panoquina. 

Prusiana Orthotype Pamphila prusias Feld. 

1937, Evans, Entomol., 70: 38. 

‘gus Logotype Papilio malvae Linn. 

1819, Hubner, Verz. bek. Schmett., (7): 109. Syrichtus, alveolus (=malvae), 
and others. 

1841, Westwood in Humphreys and Westwood, Brit. Butt. and their Transform., 
(Ist ed.): 120. Selected malvae Linn. as type. This citation (Hemming, 
Entomol., 67:112, 1934) takes precedence over that of syrichtus by 
Butler, 1870. 

Pyrrhopyge Logotype Papilio bixae Linn. 

1819, Hubner, Verz. bek. Schmett., (7): 103. For bixae Linn., hyperict Hibn. 
MS, phidias Linn., and amyclas Cram. 

1872, Scudder, Syst. Rev. Amer. Butt., 46 (Ann. Rep. Peabody Acad. Sci., 
1871, 4:67). Bixae cited as type of ‘Pyrrhopyga.”’ 

1875, Scudder, Proc. Amer. Acad. Arts and Sci., 10: 261. Pseudotype hyperici. 

1925, Lindsey, Ann. Ent. Soc. Amer., 18:99. Corroborates Scudder’s first 
fixation. 

1940, Evans, Jour. New York Ent. Soc., 48: 405-411. Pointed out that the 
Aurivillius determination (1882) of bixae is not represented by Clerck’s 
figure but by the Merian figure of a Surinam insect. A change in the 
status of the generic name is avoided by this finding. 

Remella Diatype Hesperia remus Fabr. 

1939, Hemming, Proc. Roy. Ent. Soc. London, (B) 9:39. To replace Perimeles 
Godman, 1900, preoccupied. 

Schausana Orthotype Hesperia (?) altama Schaus 

1938, Bell, Amer. Mus. Novit., (1013): 7. 

Spilothyrus Logotype Papilio malvae Linn. 

1835, Duponchel in Godart, Hist. Nat. Lépid. France, Suppl. 1:415. For 
malvae, althea (sic), and Jlavaterae, according to Scudder who refers 
Duponchel’s malvae to alceae, as also does Hemming. The latter writer says 
Duponchel gave no author’s names for the species he cited. 

1893, Watson, Proc. Zool. Soc. London, 67. Cited alceae as type, doubtless 
because of Scudder’s statement. 

1925, Lindsey, Ann. Ent. Soc. Amer., 18: 101. Regarded malvae Linn. as type. 

1934, Hemming, Gen. Names Hol. Butt., 164. Considered Watson’s selection 
of alceae to be the valid one. It is not profitable here, however, to argue 
the point because whichever type is the valid one (malvae or alceae), Spilo- 
thyrus is a strict synonym of either Pyrgus or Carcharodus. 

Suniana Orthotype Pamphila lascivia Rosenst. 

1934, Evans, Entomol., 67: 151. 

(Synemon) 

1846, Doubleday in Stokes, Discov. in Australia, 1:515. Refers to a moth; 

listed in Lepid. Catalogus (part 83): 107 through an error. 
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Syrichtus Logotype Papilio sertorius Hffsg. 

1834, Boisduval, Icon. Hist. Lépid. Europe, 1: 230, including malvae, therapne, 
proto, sao, and many others. Sao now goes under the name sertorius. 

1879, Plotz, Ent. Zeitg. Stettin, 40: 179. Type cited as sao. In Boisduval’s 
original, sao was treated as a species quite separate from therapne, contrary 
to the impression one gains from Scudder (1875)! 

1897, Elwes and Edwards, Trans. Zool. Soc. London, 14: 153. Cited proto as 
type. 

1934, Hemming, Gen. Names Hol. Butt., 165. Claimed Plétz selected malvae 
although that author called it sao. 


Tabraca Haplotype Sarangesa aurimargo Holl. 
1896, Holland, Proc. Zool. Soc. London, 10. (Mabille i. 1.). 
Talides Logotype Papilio sergestus Cram. 


1819, Hubner, Verz. bek. Schmett., (7): 106. Included sinois Hubn. (=ser- 
gestus), athenion Hubn. (Samm. exot. Schmett., 2, pl. (148).) 

1870, Butler, Ent. Mon. Mag., 7:93. Selected athenion as type. 

1875, Scudder, Proc. Amer. Acad. Arts and Sci., 10: 275. Claimed that sergestus 
had become type by elimination prior to 1870. The status of Talides, how- 
ever, must depend upon whether athenton was already published or was 
still a manuscript name at the appearance of signature 7 of the 
Verzeichniss. 

1937, Hemming, Hubner, 1: 409. Plate (148) of the Sammlung, vol. 2, is given 
the date 1825. 

Teleomorpha Logotype Papilio carthami Hibn. 

1926, Warren, Trans. Ent. Soc. London, 74: 18, 46, 163. Teleomorpha, Hemi- 
teleomorpha and Ateleomorpha were erected as subgenera of Hesperia auct. 
(Pyrgus), but without type designations. 

1934, Hemming, Stylops, 3: 148. Cited carthami as type. 

Thanaos Logotype Papilio tages Linn. 

1834, Boisduval, Icon. Hist. Lépid. Europe, 1: 240. 

1840, Blanchard, Hist. Nat. Ins., 3: 469. Cited tages as type, according to 
Hemming, 1934. This citation antedates that of juvenalis by Butler, 1870. 

Thanatos Haplotype Paplio tages Linn. 

1858, [Dunning and Pickard], Accentuated List Brit. Lepid,. 6. Tages Linn. is 

the only included species (Hemming, 1934.) 


Tirynthoides Orthotype Tirynthoides eclates Bell 
1940, Bell, Amer. Mus. Novit., (1064): 1. 

Tsitana Orthotype Cyclopides tsita Trim. 
1937, Evans, Cat. Afric. Hesp., 75. 

Urbanus Logotype Papilio proteus Linn. 


1806, Hiibner, Tentamen; invalidated by Opinion 97 of the International 
Commission. The single included species was malvae Linn. 

1806-07, Hubner, Samml. exot. Schmett., 1, pl. (149)-(160). Used Urbanus 
for proteus Linn., and others. 

1875, Scudder, Proc. Amer. Acad. Arts. and Sci., 10: 287. Cited as type the 
sole species included in the Tentamen but he called it alceae Esp. (see 
Carcharodus). 

1922, Barnes and Lindsey, Ann. Ent. Soc. Amer., 15:94. Considered malvae 
Linn. the type. 

1933, Hemming, Entomol., 66: 200. Cited proteus Linn. as type on the basis of 
of the first valid publication of Urbanus in the Sammlung. The names 
Goniurus Habn. and Eudamus Swain. become therefore synonyms of 
Urbanus. 

Vistigma Orthotype Vistigma xanthobasis Hayw. 

1938, Hayward, Anales Sociedad Cientif. Argentina, 126: 452. 

Yvretta Diatype Pamphila citrus Mab. 

1935, Hemming, Stylops, 4: 3. To replace Chaerephon Godm., 1900, preoccupied. 

Zenonia Orthotype Pamphila zeno Trim. 

1935, Evans in Hale Carpenter, Trans. Roy. Ent. Soc. London, 83: 405. Geno- 
type as Pamphila zenonia is a typographical error. 

Zinaida Orthotype Parnara nascens Leech 

1937, Evans, Entomol., 70: 64. 


TWO NEW SPECIES OF AMERICAN CERATOPOGONIDAE 
(Diptera) 


O. A. JOHANNSEN, 


Cornell University, 
Ithaca, New York 


Stilobezzia uncinata n. sp. 


9. Antennae slender, elongate, each segment with a few stout 
bristle-like hairs in addition to the setulae, resembling that of Cerato- 
bezzia (fig. 20, p. 767). Thorax arched and with short, erect, scat- 
tered, discalbristles in addition to the decumbent hairs, asin Dicrobezzia 
(fig. 23, p. 767). Femora and fifth tarsal segments without stout 
ventral spines; all claws strong, very large, much curved, without 
basal tooth, one claw on each foot somewhat shorter than the other 
(fig. 21, p. 767); fourth tarsal segment cordate. Wing (fig. 12, p. 
765) with a single radial cell anterior to the posterior branch of the 
radius; costa produced beyond the tip of this vein; media petiolate; 
microtrichia visible under a magnification of 300 diameters. 

Shining black, including head, thorax, abdomen, coxae, and fore 
legs. Antennae and palpi black; middle and hind legs brownish 
black, their tarsi brown. Halteres reddish brown. Wings hyaline, 
venation as figured (fig. 12, p. 765). Length 1.4 mm.; wing 1.2 mm. 
A single female specimen collected by Dr. J. C. Bradley at La Place 
(near Tuskegee), Alabama, June 9, 1917. Holotype-in the Cornell 
University collection. 


This species differs from all members of the genus Stilobezzia as now 
restricted in having the costa produced beyond the tip of the second 
radial branch and in the structure of the tarsal claws, and differs from 
most of the species in having but one anterior radial cell. Following 
the present practice of creating genera on minor characters the erection 
of a new genus or at least a subgenus for it might have been justified. 


Ceratobezzia flavida n. sp. 


9. Occiput of head, scape, the first, and the bases of the next 
three or four flagellar antennal segments, the thorax, legs, venter, 
the very narrow bases of abdominal tergites one to three, and the 
basal third of each of the remaining tergites, light amber yellow. The 
front, mouth-parts in large part, a longitudinal blotch on the thorax 
at each wing base, and the first three abdominal tergites, brown. 
Posterior two-thirds of each of the remaining tergites pale brown. 
Wing veins and halteres pale yellow. 

Antennae slender, relative lengths of segments as figured (fig. 20, 
p. 767), the hairs sparse, short, stout, and bristle-like, but specialized 
sensillae apparently lacking. Thorax only slightly arched (fig. 22, 
p. 767), anterior margin of mesonotum with a sharp, strong, semi- 
erect tubercle which is over twice as long as width at base. Legs 
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slender, distinctly hairy, but neither femora nor fifth tarsal segments 
are armed with spines; third tarsal segments not twice as long as 
broad, hind tarsal segments 3 to 5 combined, shorter than the second 
segment; fourth segment on all feet strongly cordate, the lobes not 
ending in a spine; the fifth on all feet with small, equal, barbed claws; 
empodium vestigial. Wing venation about as in Bezzia, microtrichia 
visible under a magnification of x 700, macrotrichia lacking. Costa 
not produced beyond tip of posterior branch of radius and ending 
0.08 of wing length from the apex; second branch of radius not four 
times as long as the first; r-m crossvein nearly perpendicular, slightly 
longer than the first section of the anterior branch of the media, this 
branch ending behind the apex of the wing; cubitus forks slightly 
proximad of base of the second branch of the media. Abdomen 
elongate, slender, twice as long as the remainder of the body. 
Length 3.3 mm.; wing 2.6 mm.; antenna 1.5 mm. 


A single specimen collected by H. S. Parish in Bertina, British 
Guiana, Dec. 27, 1912. Holotype in the Cornell University Collection. 

This species differs from the genotype, C. fallax K. (1917a, p. 326) 
in color, in having unmodified fifth tarsal segments on the fore feet, 
and in having claws of all feet small and equal. 


INSECTOS DO BRASIL, VOL. 4, PANORPATOS, SUCTORIOS (PULGAS), 
NEUROPTEROS, TRICOPTEROS, by A. pa Costa Lima, 1943. Chaps. 
24-27, 141 pages, 96 figs. 8 vo., 64% x 9 in. Published by the EscoLa 
NACIONAL DE AGRONOMICA. Avenida Pasteur 404, Rio de Janeiro, Brazil. 

We are pleased to see the fourth volume of this important work on the insects 
of Brazil. It is equal to or is even better worked out than the three preceding 
volumes. Pages 1-15 are devoted to the Order Panorpatae (Mecoptera); 17-71 
to the Order Suctoria (Fleas); 73-108 to the Neuroptera and 109-141 to the 
Trichoptera. 

As with the general plan as used in the preceding volumes the present section 
deals with the general characters of each group with ample excellent illustrations, 
and at the end of each ordinal discussion gives a bibliography of works covering 
that order for Brazil. It is the most comprehensive work we have had as yet on 
the insects of a South American country by one who has spent his life in intensive 
survey of them on the spot. 

Brazil is athwart the great valley of the Amazon which is a very recent area 
geologically. The present volume in its review of the Neuroptera tends to reflect 
the modernness of the Amazonian fauna. Eventually when the headwaters in the 
older and much higher hinterlands are explored and particularly the tableland 
of southeast Brazil, there will be found many very primitive insects which will rate 
third in primitiveness to those of South Africa and Australia. Because of some 
close connection with the Australian fauna the insects of Chile appear to have 
many such primitives. The Guiana highlands are another area affording many 
primitive species. During the early Tertiary the faunas of South America indicate 
that instead of a continent the area was occupied by three great island masses, 
the highlands of southeastern Brazil, the Guiana highlands and the rising Cor- 
dellera. The Amazon Valley arose and connected these at a late date. Ata still 
later data Panama arose and gave a path between Central and South America. 
Because of accessibility the first faunas well covered by collectors are those of the 
Amazon Valley and the coastal regions, both in the most recent fauna. The 
work, Insectos do Brasil, of course deals properly with the widespread and common 
forms primarily, as it is an introductory work. These forms tend to be recent. 
They are common and widespread because of their higher evolution.—C. H. K. 


A GENERIC SYNOPSIS OF THE CERATOPOGONIDAE 
(HELEIDAE) OF THE AMERICAS, A BIBLIOGRAPHY, 
AND A LIST OF THE NORTH AMERICAN SPECIES 


O. A. JOHANNSEN, 
Cornell University, 
Ithaca, New York 


This paper deals with a group of insects which until recently has 
been considered a subfamily of the Chironomidae. The group is 
rather compact and this led Malloch (1915a) to propose the separation 
of it from the Chironomidae as a distinct family. A basic work on 
this family was published many years ago by Winnertz (1852), and 
since then a number of more or less comprehensive papers with synoptic 
tables have appeared, among them, those of Malloch (1915a), Goet- 
ghebuer (1920, 1933, 1934), Kieffer (1925a, 1926), Edwards (1926), 
Johannsen (1931), and Macfie (1940a). The works by Kieffer and 
Macfie include the genera of the world. The fact that some of the 
members of the family are blood suckers has in recent years aroused 
renewed interest in them with the result that a number of entomologists 
in different parts of the world are now engaged in a study of the species. 


The family may be characterized as follows: 


Head rounded behind; mandibles well developed and toothed in 
both sexes; blade of the maxilla present; third (or rarely fourth) 
segment of the palpus with sensory organ (fig. 32). Scape of antenna 
small and usually more or Jess hidden, the pedicel large and globular, 
the flagellum, with rare exceptions, with 13 segments in both sexes, 
the last three or four in the male lengthened, and the last five (six 
in Pterobosca) of the female differing somewhat in character from 
the others (figs. 18-20). 

Pronotum hidden between the head and the scutum. The 
scutum in some cases with a minute stout spine on the anterior 
margin. Scutellum usually with bristles; postnotum rounded, with- 
out median furrow or keel. The membranous area of the pleura 
(anepisternal cleft) rather small, not triangular. Mesosternum 
(sternopleurite) not prominent, reaching only a little below the tip 
of the front coxae. Abdomen often with a pair of impressed areas, 
and in some species with eversible abdominal glands in the female. 
Spermathecae (fig. 46) strongly sclerotized, one to three in number. 

In the male the ninth and anal segments and their appendages com- 
prise the hypopygium. The ninth tergite and sternite are in some 
cases of characteristic form; the anal segment often with a pair of 
setigerous tubercles. The appendages consist of a pair of forceps 
the limbs of which are made up of a side-piece (basistyle) and a 
clasper (dististyle), an intromittant organ (the aedeagus), and the 
inner processes. The inner processes are the structures which of 
late years have been designated as harpes or parameres in this family. 
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Since both of these terms have been used in a different sense in other 
families of insects (see Christophers, 1922; Snodgrass, 1941) for the 
present the non-committal term of inner processes is used in this 
article (Plate III). 

Legs moderately short, hind pair longest; hind tibia with a double 
comb at the tip; empodium present or absent, pulvilli absent. Wings 
usually superimposed over the back while at rest; two radial branches 
reach the costal margin; media forked except in Leptoconops (fig. 33) 
and Brachypogon (fig. 9). Alula scarcely indicated, sometimes 
fringed; squama small, sometimes with a tuft of hairs but never with 
a complete fringe. 


Based chiefly on the structure of the mouth parts and the pharyngeal 
skeleton, Mayer (1934) divided the immature stages of this family 
into groups, each with one or more genera, as follows: 

Groups Leptoconops, Forcipomyia, Dasyhelea, Culicoides, Stilo- 
bezzia, and Palpomyia. (See Thomsen, 1937). 

The arrangement into groups by Macfie (1940a) on the basis of 
characters furnished by the adults differs only in the addition of the 
groups Bezzia, Macropeza, and Ceratopogon, but of these Mayer had 
no representatives of the second and third available for comparison. 
A study by the present writer of pinned and alcoholic material, as well 
as of figures published by Macfie, deMeillon, Root, Hoffman, et al., of 
the hypopygia, indicates that these structures permit a somewhat 
similar arrangement. However, I consider that Aérichopogon merits 
a distinct position since it may readily be distinguished from the others 
on characters furnished by the larvae and pupae, by the structure of 
the hypopygium of the male, as well as other structural features of the 
adult. Too little is known of the hypopygial characters of the Macro- 
peza group to warrant expressing an opinion. Regarding this group 
Macfie (1940a) writes, ‘‘all the genera included in the Macropeza group 
might have been placed either in the Palpomyia or in the Bezzia group, 
but as this could have been done only by arbitrary means I have pre- 
ferred to keep them apart.’’ In agreement with Mayer I should prefer 
to include Bezzia and related forms with the Palpomyia group on the 
basis of the structure of the hypopygia. 

It is generally admitted by recent writers that certain characters 
which have been used for defining genera such as the presence of a 
dividing vein between the two anterior radial cells, the abundance of 
macrotrichia on the wing, eye pubescence, the presence of spines on 





EXPLANATION OF PLATE I 


Wings. 1. Forcipomyia cilipes (Coq.). co. 2. Lasioheleasp. 9. 3. Ptero- 
bosca sp. 9. 4. Alrichopogon peregrinus (Joh.). 9%. 5. Dasyhelea mutabilis 
(Coq.). o. 6. Culicoides guttipennis (Coq.). 9@. 7. Ceratopogon culicoidi- 
thorax Hoffm. 9. 8. Alluaudomyia needhami Thom. 9. 9. Brachypogon impar 
Joh. 9. 10. Stilobezzia mallochiHoffm. co. 11. Eukraiohelea elegantula (Joh.). 
9. 12. Stilobezzia uncinata Joh. Q. 13. Schizohelea leucopeza (Meigen). 9°. 
14. Monohelea sp. 9. 15. Diaphanobezszia pellucida Macfie. of. 16. Serromyia 
femorata (Meigen). 9°. 
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the femora and on the fifth tarsal segments, and the structure of the 
tarsal claws, are at most of subgeneric importance. Indeed, the last 
two items are significant only in the characterization of the female, 
and as such are undesirable for generic definition. That analysis 
must precede synthesis is self-evident and therefore the recognition 
of minor groups is necessary to draw attention to the presence of char- 
acters which might otherwise be overlooked, but the erection of sub- 
genera would serve this purpose, leaving the genus for the higher 
category. The multiplication of generic names, often based on trivial 
characters of specific importance only, may lead to the erection of a 
genus for every difference, and thus we should approach the ‘‘Méthode 
mononymique” such as was proposed by Amyot (1845-7) a hundred 
years ago for the Hemiptera of France. Genera with a large number 
of species offer no special hardship to the systematist and certainly 
make for greater stability in nomenclature. Perhaps a system which 
would have recognized as genera the divisions approximating the groups 
mentioned above, with the subdivisions either named or unnamed, 
would have answered every purpose. 


For the convenience of entomologists interested in the American 
Ceratopogonidae a revised key is given here in which the genera thus 
far recorded from North and South America are included. In forming 
this key I have drawn largely upon the works cited in the first paragraph 
of this article. I also wish to acknowledge my indebtedness to those 
in charge of the collections in the U. S. National Museum and the 
Illinois State Laboratory of Natural History for the privilege of examin- 
ing the types of most of the North American species, and to Dr. F. H. 
Butt for the inking of a part of the figures on Plate II and most of those 
on Plate ITI. 





EXPLANATION OF PLATE II 


Antennae, legs, wings, etc. 17. Schizohelea leucopeza (Meigen), fifth segment 
of hind tarsus, 9. 18. Dasyhelea oppressa Thom., flagellum of antenna, <a. 
19. Pterobosca sp., flagellum of antenna, 9. 20. Ceratobeszia flavida Joh., 
flagellum of antenna, 9. 21. Stilobezzia uncinata Joh., segments 3-5, fore tarsus, 
Q. 22. Ceratobezzia flavida Joh., contour of thorax, lateral aspect, 9. 23. Dicro- 
bezzia smithi (Coq.), contour of thorax, lateral aspect, 9. 24. Heteromyia fasciata 
Say, fore leg, 9. 25. Atrichopogon fuscinervis (Malloch), fifth segment of fore 
tarsus, 9. 26. Monohelea sp., hind leg, 9. 27. Clinohelea bimaculata (Loew), 
segments 2-5, fore tarsus, 9. 28. Lasiobezzia unica Joh., segments 2-5, fore tarsus, 
Q. 29. Heteromyia fasciata Say, var. festiva Loew, segments 2-5, hind tarsus, 2. 
30. Serromyia femorata (Meigen), hind femur and tibia, o&. 31. Stilobezsia 
mallochi Hoffm., fourth tarsal segment. 32. Forcipomyia eques (Joh.), palpus, 9. 
33. Leptoconops kerteszi var. americana Carter, wing, 9. 34. Paradasyhelea 
brevipalpis Macfie, base of wing, o. After Macfie. 35. Isthmohelea disjuncta 
Macfie, base of wing, 9. After Macfie. 36. Jenkinshelea albaria (Coq.), wing, 9. 
37. Paraphoconus angustipennis Endr., wing, 9. After Enderlein. 38. Hetero- 
myia fasciata Say, var. pratti Coq., wing, 9. 39. Neurohelea sp., wing, 9 
40. Probezzia copiosa Thom., wing, co. 41. Dicrobezzia smithi (Coq.), wing, 9°. 
42. Lasiobezzia unica Joh., wing, 9. 43. Stenoxenus fulvus Joh., wing, 9. 
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KEY TO NORTH AND SOUTH AMERICAN GENERA 
OF CERATOPOGONIDAE 


1. Radio-medial crossvein absent (fig. 33). Antennae of the female with 
12 to 14 segments (including the minute scape and globose pedical). 
Dististyles (claspers) of the hypopygium apically bifid or trifid (fig. 63). 
Larva with neither prolegs nor anal bristles; head capsule not sclerotized; 
mouth parts reduced. Pupa with segments 3 to 7 similar, anal segment 
with tubercles; respiratory trumpets elongate, ending in a short ovate 
or barrel-shaped structure with about ten spiracles. (LEPTOCONOPS 
SE <c'n6 RG Wee wae kW EKER OR KEARSE SEERA ECR LS aed 2 

Radio-medial crossvein present; media with two branches, lower branch in 
some cases interrupted at base (wholly wanting in Brachypogon). Antennae 
of female with 15 segments including the pedicel and the minute basal 


NS 56 ha SAE a REE NerkES + EAA EA W04)h V0's 690484) oh eR EA Lees REE 3 

2. Antennae of female with 14 segments............. (Teresesthes) Leptoconops 
Antennae of female with 13 segments. .............ceceeceeeees Holoconops 

3. Empodium well developed, nearly as long as the claws (fig. 25)............ 4 
Peer eee eer ee ree ere cee 8 


4. Microtrichia prominent, distinctly visible under a magnification of 100 
diameters; macrotrichia suberect, rather sparse, lacking in the males of 
some species and in some cases in the females also. Costa extending to 
or beyond the apical third of the wing (fig. 4); second radial cell longer than 
the first; intercalary fork in the posterior radial cell; media with a short 
petiole. Eyes nearly or quite bare (Atrichopogon, s. s.) or finely pubescent 
all over (Kempia). Antennae of female with the last five segments 
cylindrical, the others globular or transverse. Hypopygium with inner 
processes (i. e., so-called harpes or parameres) apparently lacking or 
perhaps membranous; ninth sternite narrow, posterior margin emarginate; 
ninth tergite long, posterior margin rounded, usually without notch; 
aedeagus usually about as broad as long, more or less shield-shaped 
(fig. 69). Larva with anterior and posterior prolegs; all body segments with 
short spines; anal segment with a double row of hooks; body flattened, 
transversely oval in cross-section; lateral processes at least as long as 
the segment. Head capsule present; pharyngeal skeleton with about 
six combs, the angulus with bristles; mouth parts well developed. Pupa 
with the larval exuviae attached to the last three segments; respiratory 
trumpets short, knob-like; abdominal segments with branched or 
setaceous projections on the first five (ATRICHOPOGON GROUP), 
Atrichopogon 





EXPLANATION OF PLATE III 

Terminalia (ventral aspect). Abbreviations: a, aedeagus; 6, basistyle; 
c, clasper (dististyle); 1, inner process; s, ninth sternite; as, anal segment; ¢, ninth 
tergite. 44. Ceratopogon culicoidithorax Hoffm., aedeagus and inner process. 
45. Probezzia copiosa Thom., inner process. 46. Pterobosca sp., spermatheca. 
47. Palpomyia trivialis (Loew), aedeagus and inner process. 48. Forcipomyia 
chiliensis Macfie, inner process. After Macfie. 49. Sphaeromias longipennis 
(Loew), inner process. 50. Probezzia glabra (Coq.), aedeagus. 51. Beszia 
varicolor (Coq.), inner process. 52. Dicrobezzia smithi (Coq.), aedeagus and 
inner process. 53. Palpomyia, near tibialis (Meigen), inner process. 54. Lasio- 
helea nigeriae Macfie, inner process. After Macfie. 55. Stilobezzia sp., inner 
rocess. 56. Stilobezzia mallochi Hoffm., inner process. 57. Stilobezzia mallochi 
offm., aedeagus. 58. Serromyia femorata (Meigen), inner process. 59. Ser- 
romyia femorata Meigen, aedeagus. 60. Heteromyia fasciata Say, inner process. 
61. Heteromyia fasciata Say, aedeagus. 62. Jenkinshelea corea deM., inner 
process. After deMeillon. 63. Leptoconops kerteszi, var. americana Carter, 
hypopygium. 64. Culicoides guttipennis (Coq.), hypopygium. 65. Johannsen- 
omyia caudelli (Coq.), inner process. 66. Palpomyta apricans Macfie, inner 
process. After Macfie. 67. Forcipomyia specularis (Coq.), hypopygium. 68. 
Forcipomyia (Apelma) brevis Joh., inner process. 69. Atrichopogon fuscinervis 
(Malloch), hypopygium. 70. Alluaudomyia needhami Thom., hypopygium. 

71, Dasyhelea oppressa Thom., hypopygium. 
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Microtrichia minute; macrotrichia more or less depressed, elongate, some- 
times scale-like, abundant, covering the greater part of the wing (figs. 
1-3). Costa ending at or near the middle of the wing; first radial cell 
narrow and almost obliterated, second small but usually distinct, in a 
few cases more elongate (figs. 2, 3). Eyes bare, except in a few species 
of Lasiohelea. Hypopygium of the male with the inner processes slender, 
tapering, often attenuated caudad, these may be connected anteriorly at 
the base by a transverse rod or plate (figs. 48, 67). In the subgenus 
Apelma the structure is more compact (fig. 68), the caudad projecting 
processes very short. In a few species these processes appear to be 
entirely lacking, only the transverse bar remaining visible, as in some 
species of Lastohelea (fig. 54). Larvae terrestrial, with both anterior 
and posterior prolegs; body segments circular in cross-section and with 
short spines. Head structure resembling that of Alrichopogon. Pupa 
similar to that of Atrichopogon, but with spines or stump-like projections 
on all but the last segment (FORCIPOMYIA GROUP)................ 5 

5. Antennae of female with the last six segments elongate (fig. 19). Empodium 
large and broad, adapted for clinging to the wings of dragonflies. Basi- 
tarsus of the hind legs much longer than the second tarsal segment. 
Second radial cell ends at about the middle of the wing (fig. 3). . Pterobosca 

Antennae of the female with the last five segments elongate, or in some 
cases forming an almost continuous series... .........0 cee ee eee eeeeees 6 

6. First radial cell small and very narrow, in some cases obliterated; second 
radial cell elongate and narrow, usually ending well beyond the middle 
of the wing (fig. 2); wing fringe hair-like; microtrichia small as in Forci- 
pomyia; macrotrichia covering the wing more or less densely, in some 
cases with definite bare areas along the course of the veins as in Dasyhelea. 
Eyes usually bare. Antennae of female with the basal flagellar segments 
rounded or transverse, the last five much elongated though in some 
cases forming an almost continuous series. Hind basitarsus distinctly 
longer than the second tarsal segment. The hypopygium of the male 
with the internal process lacking the posteriorly projecting rods or plates, 
the strongly sclerotized dorsal root-like processes arising from the bases 
of the side pieces (basistyles) are long and join anteriorly across the 
median line forming a wide arch (fig. 54). The adults are vicious 
ENS Ks snk Sib ca eR a CARS aba waded Ome uduien bee Rega eL Lasiohelea 

Second radial cell short, sometimes obliterated, not much longer than the 
first which may also be obliterated; fringe hairs of the wing in many 
NNR 59.5. c dc kahdad On sou Ceae kAeees ek RekWenchden ees creas 7 

7. Hind basitarsus shorter, equal or but slightly longer than the second tarsal 
segment. Basal segments 3 to 10 of the antennae of the female of many 
species longer than broad, often vasiform or flask-shaped. Hypopygium 
in most cases of the form as figured (figs. 48, 67). Wing asin fig. 1. In 
the subgenus Phasmidohelea (parasitic on Phasmids) the mouth-parts 
PE RUPNETY CRN: 0. 5:5 cx yckcadsOb ins avdpvectepecounens Forcipomyia 

Hind basitarsus over a third and in many cases two or more times as long 
as the second tarsal segment. Basal segments 3 to 10 of the antenna 
of the female in many species short, the first few often broader than 
long as in Pterobosca (fig. 19) and in Alrichopogon. In the subgenus 
A pelma the hypopygium of the male is characteristic, the inner processes 
being more or less H-shaped (fig. 68), and the empodium is lacking. 
RP Te eee Euforcipomyia 

8. First radial cell nearly or quite obliterated by the fusion of the basal section 
of the radial branches, second cell small, square-ended, sometimes 
obliterated, the radial veins truncated at the middle of the wing (fig. 5), 
medial ‘fork sessile or with very short petiole; wing surface with macro- 
trichia. Eyes very short pubescent. (The males of A pelma have a short 
costa and lack an empodium but the eyes are quite bare.) Usually 
no distinct humeral pits. Claws small and equal, empodium vestigial. 
Antenna of the male with the last four segments elongate (fig. 18). 
Hypopygium with the inner processes in most cases asymmetrical (fig. 71); 
ninth sternite in some cases emarginate, more often with a central 
posterior extension; ninth tergite rather long, tapering, with a finger-like 
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_— on each latero-posterior angle; aedeagus broad; dististyle of 
orceps either simple, or with a basal branch. Larva aquatic, with 
creeping habit; body curved; anterior prolegs wanting, last segment 
with retractile proleg bearing ten to twelve hooks; head short and thick, 
well sclerotized, mouth-parts directed ventrally; pharyngeal skeleton 
with about six combs, the angulus with well developed teeth. Pupa 
free from the larval exuviae, respiratory trumpet elongated; abdominal 
segments two to seven similarly bristled, anal segment in addition to 
the two apical processes with at least one pair of protuberances 
(DASYHELEA GROUP) 
Second branch of the radius in most cases ending beyond the middle of the 
wing, or differing in other particulars 
Antennal segments reticulately sculptured, last four segments in the male 
more or less elongate, segments 12 to 14 binodose (fig. 18). Hind basi- 
tarsus at least twice as long as the following segment; claws short and 
equal Dasyhelea 
Antennal segments not sculptured; segments 12 to 14 of the male not 
binodose. Anterior radial cells of the wing obliterated (fig. 34). In 
P. brevipalpis I. & M., the genotype, there are small humeral pits; the 
petiole of the media is rather long, fringe present on alula; the tarsal 
ratio less than two; and the palpi modified, the elongate second segment 
without sensory pit but having four sensory hairs on its anterior third, 
fourth segment with three bristles at its rather squared extremity. South 
i Paradasyhelea 
Media forks distad of the radio-median crossvein, 4. e., petiolate; or its 
second branch detached at base, in rare cases lacking 
Media forks at or proximad of the crossvein 
Claws of both sexes all simple, small, and equal. Usually with the two 
anterior radial cells of the wing more or less equal; microtrichia dense, 
macrotrichia usually abundant, in some cases nearly or quite lacking; 
wing often spotted (fig. 6), costa ending beyond the middle of wing. 
Mesonotum with an elongate slit-like depression or pit on each side 
situated postero-medially from the humeri. Eyes usually bare. Antenna 
of female with segments 3 to 10 rounded or oval, 11 to 15 more or less 
cylindrical and longer. Basitarsus of hind legs at least twice as long as 
the segment following it; empodium very short. Hypopygium (fig. 64) 
with the caudad projecting inner processes slender and tapering, usually 
with pointed, twisted or hooked or curved or pectinate extremity; ninth 
sternite emarginate; ninth tergite usually with a sharply pointed process 
at each postero-lateral angle; the anal segment membranous with a pair 
of hairy tubercles which may project beyond the posterior margin of the 
ninth tergite; aedeagus with V- or Y-shaped, sclerotized margins. Larva 
an aquatic, free swimming, slender, eel-like form without prolegs. Head 
wide, oval, well sclerotized; mouth-parts reduced; pharyngeal skeleton 
with about four combs, the angulus of distinctly separate parts; cauda 
with bristles. Pupa free from the larval exuviae; respiratory trumpet 
elongate, tubular, with a constriction at base; operculum with spines. 
The adults are vicious biters (CULICOIDES GROUP) Culicoides 
Claws of the female usually rather large, either equal or unequal. Wings 
in most cases with two anterior radial cells, the second often larger 
than the first; macrotrichia usually absent or confined to the apex of 
the wing (abundant in Alluaudomyia); humeral pits more or less 
developed 
12. Eyes more or less pubescent. Antennae of the male with the last three 
segments elongate; of the female with segments 3 to 10 rounded, 11 to 
15 not very long. Wing (fig. 7) broad, milky white, microtrichia appar- 
ently absent, not visible under a magnification of 700 diameters; macro- 
trichia absent or confined to a few around the apical margin; two anterior 
radial cells which are small and equal, or one or both may be obliterated; 
medial fork with a distinct petiole, the second branch entire or more or 
less interrupted at the base, entirely wanting in seen (fig. 9); 
costa extending nearly to two-thirds the wing length (figs. 7, 8) except 
in Brachypogon; alula and squama bare. Hypopygium with the caudad 
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projecting processes, paired, robust, either tapering (figs. 44, 70) or 
ending bluntly. The larva and pupa of Alluaudomyia are briefly 
described below (CERATOPOGON GROUP)............. cece eeeeees 13 
Eyes usually bare. Microtrichia present (except in Diaphanobezzia) distinct 
under a magnification of 300 diameters or less; second radial cell, when 
present, in most cases distinctly longer than the first; posterior branch of 
the radius usually ending far beyond the middle of the wing (figs. 10-16, 
35). Inner processes of the hypopygium paired, robust, blunt or pointed 
at the extremity but not attenuated (figs. 55-59), fused on the middle 
line in some species of Monohelea. Larva and pupa briefly characterized 
below under Stilobezzia (STILOBEZZIA GROUP)................0005. 16 
Claws of the hind legs of female unequal. Wings minutely punctate but 
microtrichia absent; macrotrichia rather abundant; first radial cell 
nearly or quite obliterated by the coalescence of the basal section of the 
radial veins, second radial cell small but distinct; wing spotted (fig. 8). 
Larva aquatic, slender, eel-like, without prolegs; posteriorly with long 
setae; dorsal surface of body mottled with red pigment. Pupa free 
from larval exuviae; respiratory trumpet funnel-shaped, covered with 


Nandini is RCRA REND one Aa Ree CRA R MARE A ee eae .....Alluaudomyia 
Claws of hind legs of female equal in most cases. Wings unmarked; 
ry CE I a. 5s 6,006.0 005m ie.ca.0 030d wees s ane ees eee ®* 14 


Second branch of media lacking; costa not extending distally as far as the 
level of the second branch of the cubitus; anterior radial cells either 
small and subequal (Trishelea) or entirely obliterated (Brachypogon s. s.) 
es NR 6 os ohn obo vdeahw anes swede Vek netns Brachypogon 

Second branch of media present, at least apically............. 00.00 e cues 15 

Second branch of the media entire (fig. 7) or only narrowly interrupted 
at the base; costa extending distally nearly two-thirds the wing length, 

i. e., nearly as far as the level of the end of the first branch of the cubitus; 
anterior radial cells subequal, longer than broad; macrotrichia sometimes 
present near wing tip; alula and squama bare. Eyes more or less 
pubescent. Antennae of the female with segments 3 to 10 rounded, 
11 to 15 not very elongated; antenna of male with last three segments 
Ce IN nnn 50'0 0 kn as nce was'ccredmulail Ceratopogon 

Second branch of the media widely interrupted at the base; anterior radial 
cells little if any longer than broad (lacking in the European J. minima 
K.); macrotrichia nearly or wholly lacking. Type J. lacteipennis Winn. 
nec Zetterstedt (=J. sociabilis Gtg.). Compare C. stigmalis Coq. with 
SIE UNE OEE EE SI a nec sve canis Sencantaderadedbauebeeye wes Isohelea 

Microtrichia and macrotrichia lacking; a single rather short anterior radial 
cell (fig. 15); alula without hair fringe. Femora armed at apex with 
spines; tibiae sparsely spinose; fourth tarsal segment short but not 
cordate; fifth unarmed; claws small, equal in male....... Diaphanobezzia 

NI cs 5 bcd sung bath dip pavcions COANE ER ARReSERee Ck ROce a 17 

The two anterior radial cells separated for some distance by the fusion of 
the veins between them (fig. 35); macrotrichia almost or quite lacking; 
costa ends beyond the middle of the wing; media petiolate; alula without 
hair fringe. Femora unarmed and not swollen; hind tibiae and basi- 
tarsi of fore and middle legs with long scattered spines; fourth tarsal 
segment cordate or bell-shaped; claws of female barbed, two short, 
equal claws on fore and middle legs, a single long claw on hind legs. 


Genotype I. disjuncta I. & M., from South America.......... Isthmohelea 
When two anterior radial cells are present they are separated by the short 
perpendicular section of the second radial vein (figs. 18, 14)............. 18 
Claws of hind legs of female very unequal (fig. 17), or a single long claw 
eg, ee er ne 19 
ee TORI eT eT Te PTET TT Terr CTT Teter 25 
Fourth segment of tarsus bilobed (fig. 31); claws of female unequal on all 
legs, or a single long claw with or without basal barb.................. 20 
Fourth tarsal segment cylindrical to bell-shaped but not bilobed; claws on 
SOUT QULETIOL LAE OL TOTNRIS GI GOR) 4. oo cs ces ccd ciwrccneeseeseses 22 


Femora not armed with spines; fifth tarsal segment not enlarged; claws of 
female large and very unequal on all legs. Wings with macrotrichia 
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toward the tip (Stilobezzia s. s.) or without ( Neostilobezzia). Two anterior 
radial cells (fig. 10) or more rarely with the first much reduced or even 
obliterated; fork of media with long petiole; a row of hairs on the alula. 
In one species there is but one anterior radial cell and the costa is pro- 
duced beyond it (fig. 12). Larva without prolegs; body curved; slow 
moving, aquatic forms; head broad, mouth-parts reduced, directed 
anteriorly; pharyngeal skeleton with several combs, the principal comb 
of the angulus undivided. Pupa as with Culicoides Stilobezzia 

Some or all the femora armed with spines or stout bristles 

First radial cell obliterated (fig. 11). Only the fore femora armed; claws 
of female unequal on all legs Eukraiohelea 

Two anterior radial cells. All femora armed with spines or stout bristles. 
New South Wales and British Guiana Acanthohelea 

Hind femora much swollen and armed with numerous spines (fig. 30), 
the corresponding tibiae slender, curved at base. Wing with two sub- 
equal anterior radial cells (fig. 16); in some species with a few macro- 
trichia around the tip of the wing; medial fork short petiolate or some- 
times almost sessile. Fourth tarsal segment short, bell-shaped to cordate; 
claws about equal on fore and middle legs, very unequal on hind legs 
OF SR Te SE CRIB ii cis dttccracuswdacecsautanee anaes Serromyia 

Hind femora without spines and either not swollen or if somewhat swollen 
then hind tibiae also swollen (fig. 26) 

The two anterior radial cells separated for some distance by the fusion 
of the veins between them (fig. 35). See couplet 17 Isthmohelea 

Anterior radial cells when two are present separated by the short per- 
pendicular section of the second radial vein (fig. 14) 

Second branch of media complete (fig. 14); few or no macrotrichia; two 
distinct anterior radial cells, the second considerably longer than the 
first; medial fork short petiolate. Fore and middle legs unmodified, 
claws rather small and equal in both sexes; femora and tibiae of hind 
legs distinctly thickened (fig. 26), but femora without spines; first tarsal 
segment with strong spine at tip; fourth cylindrical Monohelea 

Second branch of media broadly interrupted at base (fig. 13). No strong 
spines on the basal segments of tarsi; claws on hind legs of female very 
unequal (fig. 17) Schizohelea 

Two anterior radial cells 

One anterior radical cell 

Posterior end of abdomen of female modified, the tenth segment. being 
long and cylindrical and bent forward. Wings without macrotrichia; 
costa extends two-thirds or more the length of the wing; anal angle 
large, more or less rectangular; second anterior radial cell longer than 
the first. Femora and tibiae unarmed and not swollen; fifth tarsal 
segment unarmed and not swollen. A South American genus, 

Macrurohelea 

Abdomen of female normal. Wing pictured. All femora armed with 
spines or stout bristles. South American Acanthohelea guianae Macfie 

Fore femora armed with spines. Venation about as in Bezzia except that 
the media forks distad of the radio-median crossvein. Fourth tarsal 
segments cordate; claws simple and equal Pseudobezzia 

Femora unarmed; claws equal and of moderate size; fifth tarsal segment 
without ventral spines. Venation as in Pseudobezzia except that the 
median fork has a longer petiole Parabezzia 

Thorax narrowed in front, more or less conical. Wing long and narrow 
(MACROPEZA GROUP). Wing with microtrichia; radio-medial 
crossvein distinct but short; costa not produced and ending well before 
the wing tip; a single long anterior radial cell (fig. 37); the posterior 
branch of the radius closely approaching the costa; median fork sessile. 
Legs long and slender, last three tarsal segments relatively short; fourth 
cordate; claws of female all equal, each with a basal barb. South 
America Paraphoconus 

Thorax not narrowed in front. Wings with microtrichia; either one 
(fig. 40) or two anterior radial cells present (fig. 38). Terminal segment 
of forceps simple; inner processes fused into a single member (figs. 45, 





774 


29. 


30. 


31. 
32. 


33. 


34. 


36. 


37. 








Annals Entomological Society of America [Vol. XXXVI, 


47, 49, 51, 52, 60, 62) or less commonly, as in some species of Palpomyia, 
distinctly separated (figs. 53, 65) although they may be connected at 
base (fig. 66). Larvae actively swimming eel-like forms, without prolegs. 
Head narrow, well sclerotized; mouth parts reduced; pharyngeal skeleton 
with three combs; principal comb of angulus divided. Abdominal 
segments 3 to 7 of pupa similarly bristled; anal segment with bristles 
on bristle tubercle. Pupa free from larval exuviae; respiratory trumpet 
clavate, with numerous spiracles (PALPOMYIA-BEZZIA GROUP)..... 29 
Anal lobe of wing large, produced; wing broad, especially at base (figs. 
36, 43); costa usually more or less produced beyond the end of the 
posterior branch of the radius; either one or two anterior radial cells... .. 30 
Anal lobe obtuse angled, not produced; wing usually of moderate width... .31 
Posterior branch of media elbowed in female; a single very narrow anterior 
radial cell (fig. 43); costa elongate, extending to tip of wing. Femora 
unarmed; fourth tarsal segment not bilobed, subcylindrical; fifth segment 
CRETE: CUUWE BIRR GAG GURL. 3 nn oc cccnkcccccccseccivess Stenoxenus 
Posterior branch of media not elbowed in the female; one or two anterior 
radial cells (fig. 36); microtrichia present; medial fork broadly sessile. 
Anterior margin of thorax somewhat jutting over the head but not 
pointed. Femora unarmed, fourth tarsal segment cordate or bell- 
shaped, broader than long; fifth segment with strong, blunt spines 


EN Sit cask pr ieeae i te ansec kaa nese be hens ee Jenkinshelea 
Wits SO BHNNTION TATA) CONS Ge, BD) ona ccc ccc ccctccccvcccccnceeccces 32 
With but one:anterior radial cell (ig. 4D)... ww ccc cece cccccccccccccees 40 


Costa produced beyond the apex of the posterior branch of the radius 
(fig. 39); medial fork just sessile. Fourth tarsal segment cordate; fifth 
segment of fore legs swollen in both sexes as in Clinohelea; claws in the 
SNS EE IEE Oe POO 6 i.o cov ccctennssaccesaancnseaees Neurohelea 

Costa not produced beyond tip of posterior branch of radius.............. 33 

Femora of fore legs armed and greatly swollen, the corresponding tibiae 
arched (fig. 24); hind legs of female very long, with a single long, basally 
barbed claw (fig. 29); claws of male small and equal; first and second pairs 
of the female equal and barbed. Apical third of hind femur of both 
sexes distinctly enlarged; fourth tarsal segments on all feet of the male 
and the first two pairs of the female, cordate. Antenna of male plumose. 
Wings of the North American species fasciate (fig. 38)......... Heteromyia 

Fore femora not swollen, or if moderately so, fore tibia not arched......... 

Claws of middle and hind legs of the female unequal and simple, or a single 
claw with a basal barb; fifth segment of fore tarsi inflated (fig. 27) and 
unarmed on all legs; fourth tarsal ‘segment on four posterior legs deeply 
bilobed, each lobe terminating in a strong spine. Venation as in 


Heteromyia PE PLO ee eee Re ETE EET CRE PEO, Clinohelea 
Claws of hind legs of female equal, or if unequal then each with a basal 
SE Fc ae a imal So awa aad ahaa re eo bas aime wn ee ee ee 35 


Femora and tibiae all armed with spines, some rather long, scattered 
irregularly; tarsi with short fourth segment which is not clearly cordate 
or bilobed; fifth segment unarmed; claws barbed, equal or unequal. 
Second radial cell much longer than the first. South America. .Echinohelea 
Femora either unarmed, or if armed the spines are short and stout........ 36 
Claws unequal in the female, at least on middle and hind feet, and all 
barbed; fourth tarsal segment not cordate; fifth armed below with straight, 
somewhat blunt, black spines (batonnets) ; femora with or without spines 
on the under side. Venation as in Heteromyia. Minute notal spine 
present as in Palpomyia in the North American species D. argentata 
(Loew) and D. annultcornis (Malloch)..............eeeeeeees Dicrohelea 
CE ie A IES 6 0.65.05 bo 'o.05.50 0540s cees earned oe ¥essmaxasivess 37 
Claws of female without basal barb and as long or nearly as long as the 
last tarsal segment; fourth segment but little longer than broad, cordate 
or nearly so; fifth segment of female armed with stout blunt spines 
(batonnets) on the under side. Oriental and South American species. 
The North American species assigned here by Kieffer belong elsewhere. 
Homohelea 
Claws of female all equal and barbed, or, if not barbed, stout blunt spines 
(batonnets) are lacking in the female on the under side of the fifth tarsal 
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segment, although stout, sharp, more or less curved bristles may be 
present 
38. Femora without strong spines below; fifth tarsal segment in the female 
armed with stout, blunt, black spines below (batonnets). Venation 
as in Heteromyia. Scutum without short minute, spine or tubercle 
anteriorly; abdomen of female without eversible glands Johannsenomyia 
Femora armed with short stout black spines below 
39. Tarsi with fourth segment short, subcylindrical. Stout, robust species. 
Eyes nearly contiguous. Scutum in most cases without minute, anteriorly 
directed spine. Abdomen without eversible glands in the female. Fifth 
tarsal segment in the female with stout, black, blunt spines (batonnets) 
on the underside. Male antennae either with or without plume, 
Sphaeromias 
Fourth tarsal segment cordate; fifth segment without stout, blunt spines 
below, but stout, sharp, somewhat curved bristles may be present. 
Scutum with a minute, pointed spine or tubercle anteriorly, sometimes 
apparently lacking. Abdomen of female with pairs of eversible glands 
in many species. Forceps of hypopygium with simple terminal seg- 
ment; the inner caudad projecting processes either separate (fig. 53), 
or partly (fig. 66), or completely fused (fig. 47). Fore femora either 
slender or moderately swollen, with one or more short, stout spines on 
the lower side; middle and hind pairs slender, with or without stout 
spines below. Tarsal claws of moderate size, equal, with or without 
basal barbs. Wings rather narrow, with fine microtrichia but without 
macrotrichia. Venation as in Heteromyia, the costa extending to two- 
thirds the wing length or more, not produced beyond the end of the 
posterior branch of the radius; second anterior radial cell much longer 
than the first; median fork broadly sessile; anal lobe not well marked, 
alula absent, the short piece of wing margin between the anal lobe and the 
squama without fringe 
40. Wing without macrotrichia 
Wing with macrotrichia (fig. 42); venation as in Dicrobezzta (fig. 41) or in 
Probezzia (fig. 40). Fourth tarsal segment cordate; empodium absent. 
In the genotype, L. pilipennis, from north Sweden, the fore femora are 
armed, the claws are simple, the fifth tarsal segment unarmed in the 
female, and the posterior branch of the radius ends at about two-thirds 
the wing length as in Probezzia. In the New York species, L. unica, the 
femora are unarmed, the fifth tarsal segment with stout, blunt spines 
below (fig. 28), the claws equal and barbed, the posterior branch of 
the radius elongate, disc of the scutum with short, erect bristles as in 
Dicrobezzia (fig. 23). The presence of the macrotrichia on the apical 
half of the wing being probably of less significance than the other char- 
acters cited the two species are not closely related Lasiobezzia 
Fourth segment of all tarsi bilobed or cordate 
Fourth segment of tarsi subcylindrical; claws of female equal and with 
basal barb 
Mesonotum but slightly convex, with a prominent, anteriorly, and some- 
what upward directed tubercle on the anterior margin (fig. 22). Abdomen 
elongate. Antenna of the female with short, stout, sparsely distributed 
hairs (fig. 20). Tarsal segments three to five very short, the fourth 
segment bilobed or cordate. In the genotype C. fallax K. from Paraguay 
the fifth tarsal segment of the fore legs is inflated, which is not the case 
in C. flavida Joh. from British Guiana Ceratobezzia 
Mesonotum without large, stout spine on the anterior margin 43 
Costa of the wing and second radial cell of the female very long, reaching 
nearly to the wing tip (fig. 41). Dorsum of the thorax with short, 
sparsely distributed, erect bristles in addition to the decumbent hairs 
(fig. 23). Femora unarmed; fifth tarsal segment of the female with 
strong, blunt, black spines (batonnets) below Dicrobezzia 
Costa not prolonged. Fifth tarsal segment of the female unarmed 
At least the fore femora spinose beneath; fifth tarsal segment of fore feet 
not inflated; claws of female equal on all legs. Venation as in Probezzia 
(fig. 40), the fork of the media narrowly sessile, the contact often puncti- 
form. Scutum without trace of minute anterior tubercle 
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Femoral spines lacking, in other respects like Bezzia from which it is not 
regarded by some writers as sufficiently distinct to warrant generic 
rank. Wing venation as figured (fig. 40).............c0eceeees Probezzia 

45. Fore femora armed with stout spines beneath; fifth tarsal segment unarmed. 
Africa and South America... ....... 6. sees eee e cece eee ee ees Homobezzia 

Femora with neither spines nor spinose bristles; fifth tarsal segment armed. 

Senet Temaes MME OUT AMIETIOR. . oc cece ccc nsvcrccceevccesesess Parrotia 


LIST OF NORTH AMERICAN SPECIES 

The first locality reference given indicates that of the type. In 
the case of widespread species the range only is given. A figure and 
a date following an author’s name refer to page and date of the paper 
in which the description is published. Synonyms are indented and 
printed in smaller type. Williston’s St. Vincent Island species, though 
more properly South American, are included in this list. Some half 
dozen of North American species of doubtful position are marked with 
a(?). A few genera of early date which are not sufficiently characterized 
to place with certainty, have also been indicated in the following list 
with a (?). These are Didymophleps (Atrichopogon?), Tetrahelea 
(Dasyhelea?), Prosapelma (Culicoides?), Tetrabezzia (Bezzia or Macropeza 
group). 


LEPTOCONOPS GROUP 


Leptoconops Skuse (1889) 

Synonyms: Tersesthes Towns., 1893; Centrotypus Grassi, 1901; Mycterotypus 
Noé, 1905; Mycteromyia Lutz, 1912, nec Phil.; Schtzoconops K., 1918; Protersesthes 
K., 1921a. 
torrens Towns. 369, 1893. New Mexico, Colorado, California. 

carteri Hoffm. 133, 1926d. 

A few South American species. 


Holoconops Kieffer (1918) 
bequaerti K. 405, 1925a. Central America. 

hondurensis Hfm. 135, 1926d. 
kerteszi var. americana Carter. 22,1921. Utah, Southwestern United 

States. 

Two other genera not yet reported from the Americas are Micro- 
conops K. (1921a) and Styloconops K. (1921a). The former, recorded 
from North Africa, differs from Leptoconops in having but twelve 
antennal segments in the female; the latter, from Africa and New 
Guinea, in having very short terminal lamellae in the female and with 
numerous spines or hairs on the frons. 


ATRICHOPOGON GROUP 


Atrichopogon Kieffer (19062) 

Synonyms: ?Didymophleps Weyenb., 1883; Kempia K., 1913a; Ceratopogon 
of Mall., 1915a; Gymnohelea K., 1921a; Lophomyidium Cordero, 1929; Psilokempia 
Endr., 1936. 
arcticus Coq. 396, 1900. Alaska. 
exilis Coq. See /evis. 
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fusinervis Mall. 308, 1915¢. Illinois. 
fusculus Coq. 605, 1901. Northeastern United States. 
gilvus Coq. 62,1905. Florida. 
levis Coq. 604, 1901. Eastern United States. 
exilis Coq. 86, 1902. District of Columbia. 
lituratus Will. (?). 281, 1896. St. Vincent Island. 
peregrinus Joh. 266, 1908a. Eastern United States. 
sequax Will. (?). 282, 1896. St. Vincent Island. 
thersites Will. 180, 1896. St. Vincent Island. 
websteri Coq. 603, 1901. Louisiana, New York. 
Numerous South American species. 


Dolichohelea Edwards (1929) with D. polita Edw. as type, is a 
Philippine genus, allied to Aérichopogon, differs in having a small 
anterior tubercle on the mesonotum, with antennal segments 4 to 10 
from one to five times as long as broad, and with an elongate radial cell 
resembling that of Palpomyia. 


FORCIPOMYIA GROUP 


Lasiohelea Kieffer (1921) 
Synonym: Centrorhynchus Lutz (1913). 


L. sp. (undescribed). Georgia. 
A few South American species. 


Pterobosca Macfie (19320) 


incubans Macfie. 486, 1937a. Honduras. 
One South American species. 


Forcipomyia Megerle in Meigen (1818) 


Synonyms: Labidomyia Stephens, 1829; Tetraphora Phil., 1865; Prohelea 
K., 1911); Microhelea K., 1917a; Phasmidohelea Mayer, 19376. 


Subgenus Forcipomyia Meigen 

aurea Mall. 318, 1915a. Illinois. 
brumalis Long. 3, 1902. Texas. 
cilipes Coq. 397, 1900. Alaska, eastern United States. 
cinctipes Coq. 64, 1905. Florida. 
concolor Mall. See pergandei. 
coquilletti K. 297, 1917a. New York. 
crudelis Knab. 66, 1914. Mexico. 
crudelis Mayer. 233, 1937. Costa Rica. (Phasmidohelea). 
elegantula Mall. 311, 19150. Illinois. 
eriophora Will. 279, 1896. St. Vincent Island. 
erucicida Knab. See flava Will. 
fimbriata Coq. 601, 1901. District of Columbia. 
flava Will. 280, 1896. St. Vincent Island. 

flavida Will. M. S. 

erucicida Knab. 16, 1914. Florida. 
genualis Loew. 128, 1865. Cuba. 
obscura Walker. 26, 1848. Canada. 
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parva Walker (?). 26, 1848. Canada. 

pergandei Coq. 502,1901. Eastern United States. 

pergandei var. concolor Mall. 319, 1915¢. Illinois. 

pilosa Coq. 87, 1902a. Eastern United States. 

pluvialis Mall. 5, 1923. Maryland. 

propinqua Will. 279, 1896. St. Vincent Island. 

simulata Walley. 165, 1932. Ontario. 

specularis Coq. 601, 1901. Eastern United States. 

squamipes Cog. 88a, 1902. New Mexico, Eastern United States. 

stenammatis Long. 10, 1902. Larva. 

texana Long. 10, 1902. Texas. 

tropicus K. 297, 1917a. Costa Rica. 

wheeleri Long. 12,1902. Larva. Texas. 
Numerous South American species. 


Subgenus Euforcipomyia Malloch (19150) 
(Including Apelma Kieffer (1919a) ) 


calcarata Cog. 64,1905. Mexico. 

eques Joh. 266, 1908a. New York. 

fusicornis Coq. 63, 1905. Florida, Maryland. 

hirtipennis Mall. 313, 19150. Illinois. 

johannseni Thom. 286, 1935. New York. 

longitarsis Mall. 314, 19150. Illinois. 

monilicornis Coq. 63, 1905. British Columbia. 
Several South American species. 


To the Forcipomyia group the genus Thyridomyia Saunders (1925), 
recorded from Europe and Africa, may be added, as well as Lepidohelea 
K. (1917a) from Seychelles Islands. The former is characterized by a 
peculiar hypopygium, the inner processes being very short, and the 
ninth sternite deeply emarginate; the latter in having scales in addition 
to hairs and bristles. 


DASYHELEA GROUP 


Dasyhelea Kieffer (1911c) 

Synonyms: Prokempia K., 1913a; Pseudoculicoides Mall., 1915a; ?Tetrahelea 
K., 1925a; Cryptoscena Endr., 1936; Dicryptoscena Endr., 1936. 
ancora Coq. 87a, 1902. Florida. 
cincta Coq. 605, 1901. Florida, Michigan. 
grisea Cog. 602, 1901. Florida, eastern United States. 
johannseni Mall. 311, 1915a. California. 
major Mall. 311, 1915a. Illinois, New York. 
mutabilis Coq. 602, 1901. Eastern United States. 
oppressa Thom. 285, 1935. New York. 
pygmaea Will. (?). 278, 1896. St. Vincent Island. 
scutellata Mg. 262, 1830. Greenland. 
subcaerulea Thom. 284, 1935. New York. 
traverae Thom. 285, 1925. New York. 
tenebrosa Coq. 64, 1905. California. 

Numerous South American species. 
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CULICOIDES GROUP 


Culicoides Latreille (1809) 

Synonyms: O¢ecacta Poey, 1851; Psychophaena Phil., 1865; Haematomyidium 
Goeldi, 1905; Cotocripus Bréthes, 1912; Haemophoructus Macfie, 1925; Synhelea K.., 
19254; ?Prosapelma K., 1925a. 
albomaculatus R.& H. 164, 1937. Mexico. 
arboricola R.& H. 166, 1937. Maryland, Mississippi. 
baueri Hfm. 297, 1925. Maryland, Mexico. 
biguttatus Coq. 604,1901. District of Columbia, northeastern United 

States. 
canithorax Hfm. 284, 1925. Georgia, southeastern United States. 
chiopterus Meig. 263, 1830. Eastern United States. 
cockerelli Coq. 603, 1901. Colorado. 
cockerelli var. tristriatulus Him. 294, 1925. California. 
copiosus R.& H. 171, 1937. Mexico. 
crepuscularis Mall. 303, 1915a. Illinois, United States. 
dampfiR.& H. 169, 1937. Mexico. 
decor Will. (?). 281, 1896. St. Vincent Island. 
diabolicus Hfm. 294, 1925. Panama. 
dovei Hall. 88, 1932. Georgia. 
filariferus Hfm. 173, 1939. Puerto Rico. 
furens Poey. 236, 1851. Cuba, West Indies. 

maculithorax Will. 277, 1896. St. Vincent Island. 


gigas R.& H. 172, 1937. Canada. 
guttipennis Coq. 603, 1901. Ohio, United States. 
haematopotus Mall. 302, 1915a. Illinois, northern United States. 
hieroglyphicus Mall. 297, 1915a. Arizona, United States. 
hirtulus Coq. 396, 1900. Alaska. 
hollensis M. & B.(?). 13, 1903. Massachusetts. 
loughnani Edw. 165, 1922. West Indies. 
loughnani var. jamaicensis Hfm. 283, 1925. West Indies. 
luteovenus R.& H. 156, 1937. Mexico. 
maculithorax Will. See furens. 
melleus Coq. 604, 1901. Florida, southeastern United States. 
minutissimus Zett. 4860, 1855. Greenland. 

pumile Winn. 46, 1852. 
mississippiensis Hfm. 158, 1926a. Mississippi. 
multipunctatus Mall. 296, 1915¢. Illinois. 
nanus R.& H. 165, 1937. Maryland. 
niger R.& H. 168, 1937. Maryland. 
nocivum Harris. 602, 1862. Massachusetts. 
obsoletus Mg. 76, 1818. United States. 

sanguisugus Coq. 604, 1901. Maryland. 


paraensis Goeldi. 137, 1905. Trinidad. 
phlebotomus Will. 281, 1896. St. Vincent Island. 
piliferus R.& H. 163, 1937. Maryland. 

pumile Winn. See minutissimus. 

sanguisugus Coq. See obsoletus. 

simulans R.& H. 167, 1937. Maryland. 
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scopus R.& H. 170, 1937. Mexico. 
sordidellus Zett. 820, 1838. Greenland. 
spinosus R.& H. 172, 1937. Maryland. 
stellifer Coq. 604, 1901. District of Columbia, United States. 
transiens Walker. 25, 1848. Canada. 
trinidadensis Hfm. 286, 1925. West Indies. 
tristriatulus Hfm. See cockerelli. 
unicolor Coq. 65, 1905. California. 
variipennis Cog. 602, 1901. United States. 
villosipennis R.& H. 165, 1937. Maryland. 
venustus Hfm. 290, 1925. Northeastern United States. 
yukonensis Hfm. 291, 1925. Alaska. 

Numerous South American species. 


Diplosella K. (19216), and Oxyhelea K. (19216), genera not yet 
recorded from the Americas, differ from Culicoides, the first in having 
the scape and pedicel of the antenna of about equal size, the second in 
having a tooth laterally at the base of the first palpal segment. 


CERATOPOGON GROUP 


Alluaudomyia Kieffer (19130) 
Synonyms: WNeoceratopogon Mall., 1915); Prionognathus C. I. & M., 1921; 
Thysanognathus I. & M., 1922; Isoecacta Garrett, 1925. 
needhami Thom. 287, 1935. New York. 
splendida Winn. 47, 1852. Eastern United States. 
bella Coq. 87, 1902a. District of Columbia. 
poeyi Garrett. 9, 1925. British Columbia. 


Brachypogon Kieffer (1899) 
Synonym: Trishelea K., 1924b. 
impar Joh. 223, 1938. Puerto Rico. 


Ceratopogon Meigen (1803) 
Synonyms: Helea Meigen, 1800; Psilohelea KX., 1915. 
borealis K. 68, 1919a. Greenland. 
culicoidithorax Hfm. 156, 1926a. New York. 
lacteipennis Zett. 3639, 1850. Greenland. 
mallochi Cole. (?). 213, 1921. Oregon. (Nota Hartomyia.) 


A few of the earlier North American species (C. bahamensis 
Johnson, 1908, /otus Will., 1896, and scutellatus Say, 1829) and a number 
of South American species recorded under Ceratopogon, belong elsewhere 
but are too briefly described to place. 


Isohelea Kieffer (19172) 

Synonym: Anakempia K., 1924c. 
stigmalis Coq. (?). 86, 1902a. New Mexico. 

Fanthamia deM. (1939), a South African genus, belonging to this 
group, and related to Alluaudomyia, differs in having short terminal 
antennal segments in the male and in the second radial cell of the wing 
being obliterated by coalescence of boundary veins. The wings are 
marked and the macrotrichia are abundant. 
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STILOBEZZIA GROUP 


Diaphanobezzia Ingram and Macfie (1931) 


D. pellucida I. & M., the genotype, is recorded from Bariloche, 
Argentina. No North American species have as yet been described. 


Isthmohelea Ingram and Macfie (1931) 
I. disjuncta I. & M., the genotype and paratypes, are from Casa 


Pangue, South America. No North American species have been 
described. 


Stilobezzia Kieffer (1911a) 
Synonyms: Hartomyia Mall., 1915a; Neostilobezzia Goetg., 1934. 
antennalis Coq. 606, 1901. District of Columbia, eastern United 
States. 
bulla Thom. 289, 1935. New York. 
coquilletti K. 308, 1917a. 
picta Coq. 60, 1905. Virginia, Illinois. 
diversa Coq. 607, 1901. New Jersey. 
lutea Mall. 18, 1918a. Illinois. 
mallochi Cole. 213, 1921. Oregon. (See Ceratopogon; certainly not 
Hartomyia). 
mallochi Hfm. 283, 1924. New York, eastern United States. 
pallidiventris Mall. 344, 1915¢. Illinois. 
picta Coq. See coquilletti. 
sequax Will. See Alrichopogon. 
uncinata Joh. Alabama. (See page 761.) 
viridis Coq. 607, 1901. New Jersey. 
A number of South American species. 


Eukraiohelea Ingram and Macfie (1921) 
elegantula Joh. 109, 1908. Kansas. 
E. amnigena Macfie from Brazil (1935a). 


Acanthohelea Kieffer (19175) 
A. guianae Macfie from British Guiana. 


Serromyia Meigen (1818) 


Synonyms: Prionomyia Stephens, = Ceratolophus K., 1899; Ceratolophana 
Sisent 1926: Johannseniella (Will.) K., 907. 


crassifemorata Mall. 217, 1914d. Illinois, New York. 
femorata Meigen. 28, 1804. Northeastern United States. 


Monohelea Kieffer (19172) 
Synonym: Allohelea Kieffer, 1917c. 
maculipennis Coq. 64, 1905. Florida. 
nebulosa Coq. 606, 1901. New Jersey, Massachusetts, Idaho. 
tessellata Zett. 3642, 1850. Alabama. 
Sp. California. 


M. hieroglyphica K. (1917) from Paraguay, and M. multilimeata 
Lutz (1914) from Brazil. 
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Schizohelea Kieffer (1917a) 
polita Coq. 606, 1901. Massachusetts, New York. 
? leucopeza Meig. 29, 1804. 


Macrurohelea Ingram and Macfie (1931) 


A South American genus including the genotype M. caudata I. & M. 
and M. thoracica I. & M. 


Pseudobezzia Malloch (1915a) 
Synonym: Allobezzia Kieffer, 1917a. 
expolita Coq. 600, 1901. New Jersey. 
One species (A. brevicornis K., 1917) from Paraguay. 


Parabezzia Malloch (1915a) 


inermis Coq. 86, 1902a. Arizona. (Probezzia?). 
petiolata Mall. 359, 1915¢. Illinois. 


Also belonging to the Stilobezzia group are the following: 

Kiefferomyia Mayer (1937a) having microtrichia on the wing 
surface, only one anterior radial cell; fourth tarsal segment not bilobed, 
and claws of the four anterior legs of the female all equal. A European 
genus. 

Luciamyia deMeillon (1937). Wing with microtrichia; costa extending 
to the wing tip where it is joined by the radius; two anterior radial 
cells; claws of female all equal. A South African genus. 


MACROPEZA GROUP 


Paraphoconus Enderlein (1912) 
This is a South American genus with P. angustipennis Endr. for 
the genotype. There are a few other recently described species from 
South America. 


Other genera belonging to this group, all from the old world, are 
characterized by their long and narrowed wings, in some cases pointed 
at the tip, and usually with but a single anterior radial cell. 

Pellucidomyia Macfie (1939c) from Africa lacks microtrichia on the 
wing surface. 

Tetrabezzia K. (1917a) from India and Africa, has a very short 
crossvein bringing the radius and the media very close together at the 
base. The fourth tarsal segment of the four anterior legs and in two 
bifid lobes each armed with a spine. The genus may belong in the 
Palpomyia group. 

Calyptopogon K. (1910) from the Orient, has an elongate crossvein 
which leaves the bases of the radius and the media well separated; the 
costa is produced well beyond the end of the posterior branch of the 
radius; the single anterior radial cell is very narrow; the thorax is 
pointed in front extending well over the head, and the anterior femora 
are thickened at the apex. 

Macropeza Meigen (1818) from Europe and the Orient, resembles 
Calyptopogon but differs in having the thorax bluntly conical in front, 
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and in not having the femora thickened at the apex. The apex of the 
wing is rounded. 

Haasiella K. (1913a) from India differs from Macropeza in having 
the apex of the wing more or less pointed. 

Macroptilum Becker (1903) from Africa differs from the three 
preceding in having the costa only slightly produced beyond the tip 
of the radius and with apical part of the radial cell moderately wide. 
Either one or two anterior radial cells present. 


PALPOMYIA-BEZZIA GROUP 


Stenoxenus Coquillett (1899) 


johnsoni Coq. 60, 1899. New Jersey. 
A few South American species. 


Jenkinshelea Macfie (1934) 
Synonym: Jenkinsia Kieffer, 1913a; not Jenkinsia J. & E., 1896. 
albaria Coq. 308, 1895. Florida, eastern United States. 
magnipennis Joh. 268, 1908a. New York. 
Kieffer’s species boliviensis from Bolivia, assigned to this genus, 
belongs in the genus Palpomyia. 


Neurohelea Kieffer (1925c) 
macroneura Mall. 337. 1915a. Kansas. 
Sp. California, Georgia. 
A few South American species. 


Heteromyia Say (1825) 
Synonym: Pachyleptus Walker, 1856. 
clavata Will. 224, 1900. Mexico. 
fasciata Say. 80, 1825. Eastern United States. 
festiva Loew. 314, 1861. Pennsylvania, New Jersey, Maine. 
pratti Coq. 88, 1902a. Virginia, eastern United States. 
A few South American species. 


Clinohelea Kieffer (19172) 
bimaculata Loew. 311, 1861. District of Columbia, eastern United 
States. 
curriei Coq. 62, 1905. British Columbia. 
dimidiata Adams. 27, 1903. Arizona. 
nebulosa Mall. 322, 1915a. Eastern United States. 
nubifer Cog. 61, 1905. Florida. 
Two South American species. 


Echinohelea Macfie (1940c) 
Three species from British Guiana. 


Dicrohelea Kieffer (1917) 
annulicornis Mall. 230, 19188. Illinois. 
argentata Loew. 310, 1861. District of Columbia, eastern United 
States. 
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Homohelea Kieffer (1917a) 
One South American species. 


Johannsenomyia Malloch (19152) 
Synonyms: Johannseniella auct. in part; Sphaeromias K. nec Stephens. 


aequalis Mall. 336, 1915¢. Illinois, New York. 
albibasis Mall. 315, 19150. Illinois. 
caudelli Coq. 63,1905. District of Columbia, eastern United States. 
flavidula Mall. 230, 1914d. Illinois. 
halteralis Mall. 338, 1915a. Illinois. 
longicornis Will. 280, 1896. St. Vincent Island. 
magna Coq. 61,1905. Texas. 
A few South American species. 


Sphaeromias Stephens (1829) 
Synonyms: Xylocrypta K., 1899; Schizodactylus I. & M., 1921; Ankistrodactylus 
I. & M., 1922. 
longipennis Loew. 313, 1861. Pennsylvania, eastern United States. 
schwarzii Coq. 605, 1901. Texas, Illinois, Missouri. 
One species from Brazil. 


Palpomyia Megerle in Meigen (1818) 

Synonyms: Apogon Rond., 1856; Alasion Rond., 1857. 

aldrichi Mall. 326, 1915a. Idaho, California. 

basalis. See flavipes. 

cressoni Malloch. 327, 1915a. Pennsylvania. 

flavipes Meigen. 28, 1804. Northeastern United States. 
basalis Walker. 27, 1848. New York. 
flaviceps Joh. 268, 19084. New York. 

hirta Mall. 330, 1915a. Illinois. 

illinoensis Mall. 218, 219, 1914d. Illinois, New York. 
illinoisensis Mall. 1. c. 

lineata Meig. 30, 1804. New Jersey. 

opacithorax Mall. 329, 1915a. Illinois. 

plebeia Loew. 313, 1861. Northeastern United States. 

pruinescens Thom. 290, 1935. New York. 

rufa Loew. 314, 1861. Northeastern United States. 

scabra Cog. 62,1905. Mexico. 

slossonae Coq. 61, 1905. New Hampshire. 

subasper Cog. 606, 1901. United States. 

tenuicornis Mall. 328, 1915a. Wisconsin. 

tibialis Meigen. 82,1818. Northeastern United States. 

trivialis Loew. 309, 1861. Northeastern United States. 
Numerous species from South America. 


Lasiobezzia Kieffer (19250) 
unica Joh. 345, 1934. New York. 


Ceratobezzia Kieffer (1917a) 
C. fallax K. from Paraguay and C. flavida Joh. from British Guiana. 
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Dicrobezzia Kieffer (1919a) 
smithi Coq. 600, 1901. New Jersey, northeastern United States. 
xanthogaster K. 1917a. 
elegans Coq. 599, 1901. New Jersey, northeastern United States. 


Bezzia Kieffer (1899) 
albidorsata Mall. 349, 1915. Illinois, Virginia. 
apicata Mall. 284, 1914c. Illinois. 
banksi Gerry. 94, 1933. Cuba. 
barberi Coq. 601, 1901. Maryland. 
cockerelli Mall. 346, 1915a. Colorado. 
dentata Mall. 284, 1914c. Illinois. 
flavitarsis Mall. 283, 1914c. Illinois. 
johnsoni Coq. 600, 1901. New Jersey. 
media Coq. 166, 1904b. New Jersey. 
pruinosa Coq. 59, 1905. British Columbia. 
pulverea Coq. 600, 1901. Northeastern United States. 
setipes Coq. 59,1905. Texas. 
setulosa Loew. 312, 1861. District of Columbia, northeastern United 

States. 
varicolor Coq. 84, 19026. New York. 
venustula Will. 278, 1896. St. Vincent Island. 
Several South American species. 


Probezzia Kieffer (1906a) 
albiventris Loew. 311, 1861. Eastern United States. 
bivittata Coq. 60,1905. California. 
copiosa Thom. 292, 1935. New York. 
flavonigra Coq. 60, 1905. British Columbia. 
fulvithorax Mall. 354, 1915a. Illinois, Michigan. 
gibber Cog. 60, 1905. Cuba. 
glabra Coq. 85, 1902a. Florida, eastern United States. 
incerta Mall. 358, 1915¢. Illinois. 
inermis Coq. 86, 1902a. Arizona. (Cf. Parabezzia.) 
infuscata Mall. 316, 1915d. Illinois. 
obscura Mall. 356, 1915a. New York. 
opaca Loew. 312, 1861. District of Columbia, New Jersey. 
pachymera Will. 224, 1900. Mexico. 
pallida Mall. 138, 1914b. Northeastern United States. 
punctipennis Will. 278, 1896. St. Vincent Island. 
terminalis Coq. 90, 1904a. Nicaragua. 

A few South American species. 


Homobezzia Macfie (1932a) 
One South American species. 


Parrotia Kieffer (1924) 
One South American species. 


A number of genera belonging to the Palpomyia-Bezzia group and 
not yet recorded from the Americas are briefly defined below. Of these 
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the first three have a wing venation resembling that of Palpomyia 
with two anterior radial cells; the remainder have a Bezzia-like venation 
with but a single anterior radial cell. 


Metahelea Edwards (1929). Tarsi with the fourth segment ending 
in two bifid lobes, the lower lobe on each side bearing a spine; fifth 
segment unarmed; femora armed. Claws of the female on at least 
the posterior legs unequal (perhaps only one present on each foot). 
A Philippine genus. 


Xenohelea Kieffer (1917a). Syn.: Mixohelea K. (1917a). Tarsi of 
fifth segment armed with blunt spines and not swollen; claws unequal 
and simple on all legs; femora armed, not much swollen. Oriental and 
Australasian species. 


Dibezzia Kieffer (1911a). Abdomen petiolate; claws of female all 
unequal and barbed; fourth tarsal segment cylindrical; fifth armed; 
femora unarmed. India. 


Tetrabezzia Kieffer (1917a). Tarsi of the four anterior legs ending 
in two bifid lobes as in Metahelea above; fourth segment of hind legs 
long, cylindrical; claws of the female unequal and simple; fore femora 
armed; hind legs very long. India and Africa. See Macropeza Group. 


Nilobezzia Kieffer (19216). Femora without stout spines, but 
those of the four posterior legs armed with longer spinose bristles; fifth 
tarsal segments armed; fourth tarsal segment subcylindrical; claws of 
female equal and barbed. Africa and E. Indies. 


Crepinia Kieffer (1924a). Resembles Parrotia but the fifth tarsal 
segments are unarmed, palpi very short; antennae of male with inter- 
mediate segments bearing three or four whorls of hair. East Indies. 
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BOOK NOTICES 


BIOLOGY AND CONTROL OF COMMON BLISTER BEETLES IN 
ARKANSAS, by WiLLiAM R. HorsFatt. Pages 1-55, 11 figures and 34 
tables, 6 x 9 inches, paper bound. Bulletin No. 436, University of Arkansas 
College of Agriculture, Agricultural Experiment Station, Fayetteville, 
Arkansas, 1943. 

This bulletin deals with the life history, habits, and control of seven species 
of blister beetles. The major portion of the paper contains very complete data 
on the biology of the various species. The principal control measures recom- 
mended are the control of the grasshopper hosts of the beetle larvae, and the 
use of fluosilicate or rotenone dusts against the adult beetles. This is an excellent 
account of a group of insects which are occasionally very destructive to garden 
and field crops.—D. J. B. 


DIE THYNNIDEN CHILES, by Leonipas DurAn-Moya, 1941. Pages 71-176 
in Archiv Naturg. N. F. Bd. 10, Heft 1. 

The ANNALS has just received from Chile the above recently published mono- 
graph. Dr. Durdn-Moya is on the staff of the Seccién Zoologia Agricola del 
Depto. de Sanidad Vegetal, Santiago. 

The study is based largely on collections in Berlin and Vienna and was done 
just before the present collapse of European civilization. We notice it because it 
constitutes a distinct contribution from Chile and particularly because it deals 
with a family of parasitic wasps, with wingless females which parasitize burrowing 
larvae, a primitive family of Hymenoptera which has the interesting distribution 
of marsupial mammals. It is well represented in Australia and has scattered 
outlying species in Luzon, New Caledonia and in the Americas in California. 
Its distribution is paralleled by the distribution of a whole series of animals. A 
very primitive family of Odonata is so distributed and many other groups have 
series of species in the Chilean Andes and Australia and New Zealand. Are they 
the representatives of a lost Antarctic fauna or are they the extreme tips of a Polar 
Radiation Distribution? We wonder. 

The work is well illustrated for a paper on Hymenoptera. About sixty forms 
are keyed and described but as the author points out, the temperate areas of 
Peru have been poorly explored for species in the northern range of the group. 

—C. H. K. 


A REVISION OF NEARCTIC DORILAIDAE (PIPUNCULIDAE), by D. Etmo 
Harpy. University of Kansas Science Bulletin, 29 (1): 1-231, 464 figs., 
614x914 inches, paper bound. 1943. University of KANSAS PUBLICATIONS, 
LAWRENCE, KANSAS. 

This paper is a monographic study of all the known Nearctic species of the 
family, and brings up to date the taxonomy and known data concerning these 
flies. It contains keys to the subfamilies, genera, and subgenera of the world, and 
keys to Nearctic genera and species. Fourteen world genera and one subgenus 
are described; one genus is described as new; 117 species, subspecies, and varieties 
are described, 27 of which are described as new. There are a number of changes 
in nomenclature and synonymy. The figures illustrate all the important 
taxonomic and morphological characters. 

The introductory portion of this paper (pp. 1-24) contains discussions of the 
taxonomy, morphology and terminology, biology and economic importance, and 
the methods of study. The writer has done extensive field work on these flies, 
and has examined all the available types of the North American species. The 
taxonomic work has been carefully and thoroughly done; the keys, descriptions, 
and illustrations are excellent, and leave nothing to be desired. This paper should 
prove a stimulus to further study of the biology of this important group of 
parasitic flies.—D. J. B. 
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VEINTICINCO ESPECIES NUEVAS DE TROMBIDIIDEOS EN COLOMBIA, 
by JorGE BosHELL and J. A. Kerr, 1942. Revista Academia Colombiana 
de Ciencias 5(17): 110-127, 51 text figs. and 2 pls. Bogota, Colombia. 


This paper figures and describes (in Spanish) twenty-five mites of the genera 
Trombicula, Neoschongastia, Manriquia (gen. nov.), Microtrombidium, Allotrom- 
bidium and Moyanella (gen. nov.). Type material is deposited in the U. S. National 
Museum. It is another evidence of the vigor of biological research in South 
America. The authors are on the staff of the Laboratorio de la Seccion de 
Estudios Especiales del Ministerio de Trabajo, Higiene y Prevision Social de 
Colombia, Bogota.—C. H. K. 


PORTRAITS OF KENTUCKIANS, by W. D. Funxnouser, 1943; 102 pages, 
green cloth binding. Privately published, Lexington, Kentucky. 


This very entertaining picture of archaeological work on the rock shelter 
inhabiting Indians of central Kentucky is of interest to entomologists as it is by 
our leading expert on the Membracidae, at present Dean of the Graduate School 
of the University of Kentucky. 

It is fiction from cover to cover. In it are given biographic sketches of 
Kaloom, the first Indian explorer of central Kentucky; Oneeka, the beautiful 
cave maiden; Zug, the medicine man; Yakoot, the mound builder; and Sagamak, 
the hunter. With the purely imaginary tales as a frame, an interesting and 
accurate picture of archaeological study of the region is given. It covers the 
dry bones from cave burials from Indian mounds and from kitchen-middens with 
flesh and blood and leads the individuals through everyday Indian life of normal 
human motivation. It is a clever attempt to give nonarchaeologists a sound 
— of Indian life in Kentucky’s pre-julep and pre-poker days, before that 

unter’s paradise was despoiled by race horses, Colonels and lovely women. 

The writer of this notice studied at Cornell for two years desk to desk with 
Funkhouser when candidate for his Doctor’s degree in entomology. He has done 
that thing in the writing of this book that only too few American entomologists 
would have dared to do. He has risked his reputation as a scientist, but he has 
accomplished that which ‘‘scientific’’ archaeological exposition could not have 
done. He has given sound archaeology to the layman. 

Funkhouser is one of the few men we have known who is devoid of fear, a 
champion collegiate wrestler as a student, a nationally known umpire in that sport 
in graduate days, always unruffled. Always willing to accept responsibility but 
never scheming for that next more distinctive title. He did not succumb to that 
mild form of insanity, the plague of individualistic democracy (?), which in 
entomology expresses itself in a burning desire to put one’s name on one more 
new species, to be head of the department, or (may I word it without rising to 
attention) to be a Dean. Future reputation never seemed to bother him. He 
worked out with great thoroughness whatever was the job in hand at the time, 
and was content in work done as thoroughly as his ability and hard work 
permitted. 

Fearlessness to the point of daring is shown in the present volume by the 
introduction on page 38 of an anachronism any high school student would catch 
which may have been introduced to check on his readers. The author ‘‘will be 
told”’ by his friends. Obviously we have enjoyed ‘‘Portraits of Kentuckians.”’ 

—C. H. K. 


NATURALIST AT LARGE, by THomMAs Barbour. Pages xii and 314, 23 plates, 
1943. Published by the ATLANTIC MonTHLY Press (LITTLE, BROWN AND 
Co.), 34 Beacon St., Boston, Mass. Price $3.50. 

We have known Thomas Barbour for years, but only through the admiring 
comments of mutual friends. Once we shook hands. He is at least six and a half 
feet tall and stood on Harvard steps above us. But what we remember even more 
vividly than his stature was the gracious smile. 

The gracious smile is on every page of Naturalist at Large. The book’s 
subtitle could well have been ‘‘Work and Travel among Friends!’’ It is auto- 
biography from the very interesting Barbour family to the author’s present con- 
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nection with the organization and ideals of the brilliant staff of the Agassiz 
Museum and its connections, the whole of which forms the Museum of Comparative 
Zoology. Naturalist at Large is a mental therapeutic, a psychic vitamin, which 
restores a bug-catcher’s self respect, particularly after he has lunched with serious 
faculty men whose grave conversation has been ornate with ‘‘conferences,’’ ‘‘com- 
mittees,’’ ‘‘budgets’’ and “‘important meetings.’’ After reading Barbour, insects 
have resumed importance and the entomologist is again one of a clan of scientific 
workers in a field of social significance. 

The style puzzles one at first. Parts have appeared in the Atlantic Monthly. 
But after a few pages you realize it is Barbour himself. He writes as spontaneously 
as he thinks. The style pictures the character of the author. The general design 
is popular. It is a series of chapters on trips to strange and interesting places, of 
chapters on scientific ideals, on personal pleasures and personal sorrows. It 
never lags but passes swiftly from highlight to highlight of action and observation 
during a rich and varied experience in two hemispheres. Perhaps emphasis is on 
animal and plant life of the Neotropics and Harvard connections with neotropical 
biology. Barbour helped organize the Harvard Botanical Garden at Soledad, 
Cuba, the Barro Colorado Laboratory at Panama, an Antivenin Institute for the 
United Fruit Company in Honduras and worked on the board which chose U. S. 
and South American students for Guggenheim Scholarships. Since 1927 he has 
been Director of the Museum of Comparative Zoology. His research has been on 
reptiles. As a collector of world-wide experience he is fluent in Spanish and gets 
about in Dutch, Malay and Portuguese. But through all the narrations the 
charm of the text is in the passage from friendship to friendship. 

Barbour lives in a world of friends. The total forms a picture of Tom Barbour 
as reflected in experiences in strange places, in stimulating interests and par- 
ticularly in lasting friendships. Naturalist at Large is a narrative of those choicest 
of all living experiences, friendships. As anticlimax: the reviewer has read the 
volume word for word from cover to cover.—C. H. K. 


GUIDE TO THE INSECTS OF CONNECTICUT. PART IV. THE DIP- 
TERA OR TRUE FLIES OF CONNECTICUT. FIRST FASCICLE. 
EXTERNAL MORPHOLOGY; KEY TO FAMILIES; TANYDERIDAE, 
PTYCHOPTERIDAE, TRICHOCERIDAE, ANISOPODIDAE, TIP- 
ULIDAE. By Guy C. Crampton, CHARLES H. CURRAN, CHARLES P, 
ALEXANDER, and ROGER B. FRIEND. Pages x + 509, 4 plates and 55 text 
figures, 6x9 inches. Connecticut State Geological and Natural History 
Survey, Bulletin No. 64, 1942. Available from Distribution and Exchange 
Agent, James Brewster, State Library, Hartford, Conn. Price, $2.25. 


This bulletin begins the sixth order of insects to be treated in the Guide to 
the Insects of Connecticut. The Euplexoptera and Orthoptera were covered by 
Part II (1911), the Hymenoptera by Part III (1916), the Hemiptera by Part IV 
(1923), and the Odonata by Part V (1927). 

Like most of the previous volumes, this one is a compilation by several 
authors: the Introduction (pp. 1-9) is by R. B. Friend; The External Morphology 
of the Diptera (pp. 10-165, figs. 1-14) is by G. C. Crampton; Wing Venation (pp. 
166-174, figs. 15-17) is by R. B. Friend; Key to Families (pp. 175-182) is by C. H. 
Curran; the treatment of the five tipuloid families (pp. 183-486, figs. 18-55) is 
by C. P. Alexander. 

The key to families includes all of the families at present known from this 
continent. The treatment of the five families contains keys to genera and species 
and gives for each species a synonymy, a list of references in the literature con- 
taining figures of the species, a brief description, and a statement of the species’ 
seasonal and ‘geographic distribution. There are a great many figures illustrating 
specific characters. There is a very complete index (pp. 487-509), which is divided 
into two sections—Morphology and Taxonomy. 

The outstanding feature of this bulletin is the section on external morphology. 
This paper is probably the best of Dr. Crampton’s many papers on insect mor- 
phology. It is very complete, well illustrated, and contains an extensive bib- 
liography. The value of the bulletin to entomologists generally is greatly 
enhanced by this section.—D. J. B. 
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CRITERIA FOR VERTEBRATE SUBSPECIES, SPECIES AND GENERA. 
(A symposium) by CHARLES M. Bocert, W. FRANK BLair, EMMETT REID 
Dunn, E. RaymMonp HALt, Cart L. Hupss, Ernst Mayr, and GEORGE 
GAYLORD Simpson, 1943. Annals New York Academy of Sciences, vol. 
an Address: Central Park West at 79th St., New York City. 

rice . . 


This series of essays by taxonomists, each expert in a different group of verte- 
brates, will be of interest to students of insect taxonomy. In no two vertebrate 
groups are species looked upon from quite the same point of view. The palaeontol- 
ogist never thinks in terms of physiological species. His species based on bones 
no longer live. The expert on fishes thinks in numerous anatomical variables 
because fin rays and scales can be counted easily while fish can be collected in 
large numbers by net and dynamite. The student of mammals deals with a 
minimum of forms and has time to breed and hybridize. The student of birds 
tends to resort to distribution over chains of islands or along ranges of mountains 
to show how species evolve under restricted distribution. 

This series of expert essays is of particular value because of the above differ- 
ences of view due of necessity to the diverse materials for study, and is interesting 
because we have the views of some of the leading experts in America on the subject. 
As Hubbs has shown even some well differentiated genera, so called, of fishes 
can cross and produce stable hybrid populations and what have we? As a promi- 
nent student of the subject of speciation recently remarked to the reviewer, we 
may have to forget the term species, call them populations and describe them 
statistically. 

No summary of views is given but the reader is left with the idea that 
taxonomic descriptions are too nearly wholly morphological. Mayr (p. 135) 
points out that species as interbreeding populations in nature with definite 
distributions were recognized by the intelligent nonscientific public before the 
binomial nomenclature was invented by John Ray and later by Linnaeus. The 
taxonomic description and the accompanying binomial Latin name were given to 
displace the colloquial names which varied from place to place and country to 
country. The group names (genera) and stabilized species names made a system 
which facilitated the comparative study of living forms. The easiest and most 
directly usable characters were naturally morphological. For brevity’s sake 
other characters were omitted. Then the followers made a religion of what the 
masters had used for convenience. Only morphological characters were proper. 
As Mayr says, ‘‘morphological characters are of practical convenience but not a 
primary criterion.’’ Because morphological characters are always present and 
generally usable, while the true species distinction, the genes of the interbreeding 
population, disappears in the museum, taxonomy early in its development put 
the cart before the horse and insisted on morphological distinctions in species 
descriptions. 

Against this clear-cut view of Mayr (in birds), Hubbs (in fishes) cites two 
genera of fishes which interbreed in nature and produce hybrid species; while 
Dunn (in amphibia) cites two populations of frogs, identical morphologically, 
which occupy the same general territory but resort to different waters to breed 
and which have different calls. To Mayr the two hybridizing genera of fishes 
would probably form one species of two subspecies and a third hybrid subspecies. 
The two populations of frogs identical in any museum would be two good species. 

Subspecies are given the same critical examination. 

The genus suffers the most. It comes through the mill of pointed examination 
stripped of even honorable mention. With the splitter it becomes monotypic, 
with the lumper all inclusive. It is obviously a term of convenience in the hands 
of the temperate taxonomist, supposedly an indication of interspecies relationship. 

The series of essays makes an entomologist accustomed to describe a species 
on one specimen of one sex hesitate. Has he helped his science? If a species 
maker of the third or higher degree of taxonomic intoxication, has he helped his 
reputation when his name resounds down the corridors of time tied onto the end 
of one type specimen? The palaeontologists do it for merely one bone, but bones 
have a disturbing rattle whether dragging an author’s name along or not. 

* We recommend this symposium, given before a joint meeting of the American 
Society of Ichthyologists and Herpetologists and the American Society of 
Mammalogists at the American Museum of Natural History in 1942, to all students 
of insect species for a brief and condensed statement of present views of criteria for 


subspecies, species and genera.—C. H. K 
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AN INTRODUCTION TO BIOPHYSICS, by Orto Stuntman, Jr. Pages vii + 
375, 154 illustrations, 6x9 inches. Published by JoHN WILEY & Sons, INc., 
New York. 1943. Price, $4.00. 


Some knowledge of animals can be obtained by observing their processes and 
reactions, but this knowledge cannot be complete without an understanding of both 
the chemical and physical phenomena involved. The ideal approach to a biolog- 
ical problem is one which combines the facts of anatomy, physiology, and behavior 
with the related principles of chemistry and physics. Entomologists, particularly 
those in the field of ecology and physiology, need an understanding of these 
basic sciences. 

This book has been written with the hope that it may lead to a fuller appre- 
ciation and understanding of the applications of physical principles to biological 
problems. It is concerned with the methods and principles of physics in the 
fields of radiant energy and optics, surfaces and membranes, nerve conduction, 
sound and hearing, and optical and electron microscopy. 

The first two chapters of the book deal with the nature and source of high- 
frequency radiations (X-rays, gamma rays, etc.), radioactivity and its applica- 
tions (including the use of radioactive tracer elements), and the biological effects 
of these radiations. Chapter 3 deals with the biophysical characteristics of the 
eye, particularly the human eye. Chapter 4 deals principally with the nature 
and effects of ultraviolet radiation. Chapter 5 discusses the structure and prop- 
erties of surfaces and membranes, osmosis and related phenomena, and the rela- 
tionship of these to the living cell membrane. Chapter 6 discusses the problem of 
nerve conduction, including the field of bioelectric measurements by means of 
vacuum-tube amplification technique and the modern cathode-ray oscillograph. 
Chapter 7 deals with sound and hearing, and the fundamental physical principles 
involved. Chapter 8 discusses the problem of microscopy, and the principles 
involved in the use of both the compound and electron microscopes. The book 
is well illustrated, and there is a bibliography at the end of each chapter. At the 
end of the book is a table of physical constants, a list of problems (with answers 
given), and name and subject indices. 

Although this book is concerned with the biophysics of man, it should be of 
value to entomologists as a source of information not only on the physical prin- 
ciples which relate to animal biology, but on techniques which the entomologist 
can use. We recommend it to all entomologists interested in the applications of 
modern physics to their work.—D. J. B. 


THE CARNIVOROUS PLANTS, by Francis Ernest Litoyp. Pages xv and 352, 
11 text figs., 38 pls. Linen, large octavo. Published as Vol. IX in A New 
Series of Plant Science Books by the CHROoNIcA BOTANICA COMPANY, 
Waltham, Mass. Also G. E. StEcHERT Co., New York City. Price, $6.00. 


From the introduction: ‘‘The purpose of this book is to give an historical 
review and summary of our present knowledge about carnivorous or insectivorous 
plants. Of these there are about 450 or more, representing 15 genera, belonging 
to six families.’’ 

‘‘Roridula, formerly regarded as carnivorous, has now been shown not to be 
so. The ‘man-eating tree of Madagascar’ must at present be excluded, since the 
evidence of its existence is elusive. Carnivorous plants are divisible into two 
groups. This wide separation indicates that the carnivorous habit has arisen at 
two points at the fewest (as well as among the fungi).”’ 

Fifteen genera supply material for fourteen extensive chapters: I. Heliamphora 
(Mt. Roraima, Brit. Guiana); II. Sarracenia (E. U. S. and Canada); III. Darling- 
tonia (Ore., Calif.); IV. Nepenthes (East Indies, Madagascar); V. Cephalotus 
(West Australia); VI. Genlisea (West Africa, Neotropics); VII. Byblis (West 
Australia); VIII. Drosophyllum (Morocco, Spain); [X. Pinguicula (Holarctic); 
X. Drosera (World-wide); XI. Carnivorous Fungi; XII. Dionea (N. and S. 
Carolina), Aldrovanda (France to — to Australia); XIII. Utricularia 
(America, Africa), Biovularia (Cuba, Brazil), Polypompholyx (West Australia); 
XIV. The Utricularia Trap. 

The flowering entomophagous plants are scattered through six families three 
of which are familiar to American naturalists, Sarraceniaceae (pitcher plants), 
Droseraceae (screw-leaf traps, etc.), Lentibulariaceae (active bird-lime traps, 
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mouse trap type). The fungi include those which spread nets of hyphae through 
the wet soil or stagnant water. Loops are developed. When aneelworm attempts 
to crawl through one such, the loop suddenly clamps down and later send branches 
into the body of its victim. The empusid fungi are not included as, while 
entomophagous, they set no traps. 

Carnivorous Plants is interesting for various reasons. It is in that class of 
oa literature, classed by newspaper men as news (‘‘When a man bites a 
dog’’). Plants do not commonly trap and eat animals. The author has an easy 
style and is not dependent on an array of technical terms though such are used 
properly when needed. 

The anatomy of the many and varied traps is shown in the thirty-eight plates 
which are mostly excellent detailed drawings. The illustrations are so many 
and so clear that one could almost read the book by looking through the plates. 
Such a reader would miss the extensive notes on distribution and the review in 
each chapter of previous work on particular species. 

Professor Francis Ernest Lloyd, recently retired as Emeritus Professor of 
Botany, McGill University, has had about as many high positions and honors 
in the field of botany as are accorded to one scientist. An Englishman by birth, a 
graduate from Princeton with study in Munich and Bonn he later taught at 
Columbia University, was at the Desert Laboratory of the Carnegie Institution 
of Washington, later in rubber-plant studies for the Continental-Mexican Rubber 
Company (guayule rubber), at Alabama Polytechnic Institute (studying boll- 
shedding of cotton), then at McGill University. 

Carnivorous Plants is the product of an interest that began in 1929 and which 
included many years of world correspondence to obtain material for the study. 
For a man with less drive it could represent a life-time of research.—C. H. K. 


BIOLOGY: THE SCIENCE OF LIFE, by Mary Stuart MacDovuGAa tt in col- 
laboration with RoBERT HEGNER. Pages x and 963, 1943. 9 x 6 inches. 
Published by McGraw-HiLt Book Co., Inc., New York. Price, $4.00. 


The outstanding feature of this book is the breadth of its biological view. 
We have never thought well of tightly pigeon-holed courses that give a beginning 
student the idea that zoology is something utterly different from botany, that 
entomology is something vastly superior to zoology, or that chemistry is over in 
some other world. As Ohio State University entomology is but one branch of a 
four-branch department that encompasses zoology, entomology, parasitology, 
and genetics. At this institution we have insisted that the graduate students 
in entomology fill in their schedules with courses in plant physiology, animal 
physiology, plant ecology, animal ecology, genetics, argicultural chemistry, 
organic chemistry, physics, biomathematics, and such. After 25 years we are 
just beginning to realize that such students as had the ability to profit by this 
variety of training are the students who have stepped forward and gone on to 
further development after leaving the University. They have the broad founda- 
tion which helps them to comprehend new problems that arise. 

The broad scope of this volume is indicated by its table of contents: Intro- 
duction; Part I, The Foundations of Biology (7 chapters); Part II, Plant Biology 
(6 chapters on the morphology and physiology of a seed plant, 3 chapters on the 
plant groups and their representatives); Part III, Animal Biology (1 chapter on 
the frog as a typical vertebrate, 16 chapters on the animal groups and their rep- 
resentatives); Part IV, General Biology: Organ Systems and Their Functions, 
and the Biology of Man (10 chapters); Part V, Some Biological Principles and 
Theories (4 chapters, on germ cells and fertilization, variation and heredity, 
adaptations, and descent with change or evolution); Part VI, Applied Biology, 
Biology and Human Welfare, and Conservation (2 chapters); Part VII, The 
History of Biology (1 chapter). At the end of the book there is an appendix 
(containing a synopsis of ecological communities, a chart of the cranial nerves in 
vertebrates, a table on the composition of foods, and an outline on the faunal 
regions of the world), a glossary (of 26 pages), and an index. There are 5565 illus- 
trations; all are good, and many are original. At the end of each chapter is a list 
of questions for study, and a list of suggested references. 

While in the main we like the organization and presentation of the subject 
matter in this text, certain parts of it are disappointing. Some of the sections 
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are conspicuously out of date. The chapter on evolution might have been written 
about 15 years ago; it is concerned mainly with the ‘‘evidences’’ of evolution 
(classification, comparative anatomy, embryology, paleontology, etc.) and the 
various ‘‘theories’’ as to the methods of evolution (e.g., those of Lamarck, Darwin, 
Weismann, DeVries, etc.), and there is no concise summary of our present knowl- 
edge of how evolution takes place. The discussion in the chapter on conservation 
is in some respects misleading. For example, the author lists three measures 
for preventing erosion: terracing, establishment of woodlands, and permanent 
astures; the most fundamental principles of erosion control are omitted: proper 
and use (i.e., level or rolling land for cultivation, hilly land for meadows and 
pastures, and steep land for forests), contour cultivation and related practices, and 
management of permanently vegetated areas (pasture and forest), etc. Some of 
the governmental agencies mentioned in this chapter (C. C. C., U. S. Biological 
Survey, and U. S. Bureau of Fisheries) are no longer in existence, and have not 
been for some time. Some of these undesirable features might have been avoided 
if the various sections had been read critically by experts prior to publication. 
This book shows the excellent workmanship, printing, and binding that are 
characteristic of the McGraw-Hill publications.—D. J. B 


CORRECTIONS (ERRORS AND OMISSIONS) 


Corrections are limited to critical omissions and serious errors.—The Editors. 


James, M.T. 1943. Studies in Neotropical Stratiomyidae (Diptera). V. Annals, 
36(3): 365-379: 
p. 374, the centered head ‘‘ Histriodroma tricolor James” should read ‘‘ Histio- 
droma tricolor James.” 


Edwards, F. W. 1942. Review of ‘‘Mosquitoes of the Ethiopian Region III.” 

Annals, 35(4): 475. 

The statement concerning Edwards’ death as following an injury in a bombing 
raid is incorrect. He died a natural death. The correction came by letter from an 
officer of the Royal Entomological Society of London. Our incorrect information 
came from supposedly reliable British sources and was not questioned at the 
time.—C. H. K. 


Thonless, Robt. H. 1943. Review of “Straight and Crooked Thinking.”” Annals, 
Vol. XXXVI (1): 139. 


Thonless should read Thouless. 


INDEX TO VOLUME XXXVI 


All new names are printed in italics. 


Acanthagrion adustum, 180. 
indefensum, 182. 

Acanthohelea, 781. 

Acentron, 663. 

Aconophora brevicornis, 467. 

caliginosa, 465. 
coffea, 466. 
disparicornis, 465. 
ensata, 465. 
ferruginea, 465. 
laminata, 465. 
laticornis, 465. 
lutea, 466. 
marginata, 465. 
mexicana, 465. 
nigricornis, 465. 
pallescens, 465. 
pubescens, 466. 
sinanjensis, 466. 
temaxia, 466. 
Acutalis fusconervosa, 470. 
Adippe inaequalis, 477. 
zebrina, 477. 

Adoxomyia, a new genus related to, 380. 

Aedes dorsalis, metamorphosis of the 
nervous system of, 432. 

Aenictus, 326. 

Aenictus (A.) aratus nesiotus frater- 
culus, 326. 

Aenictus (Typhlatta) leviceps, 326. 

martini, 326. 

Agapostemon coloradensis, 645. 

Alchisme grossa, 459. 

Alexander, C. P., Article by, 103. 

Alluaudomyia, 780. 

Amastris funkhouseri, 478. 

pacifica, 478. 

Ampulex (Rhinopsis) ferruginea, descrip- 
tion of female, 46. 

Analcocerus, 367. 

atriceps, 368. 
longicornis, 368. 
orbitalis, 368. 
taurus, 370. 

Anatomy of Grylloblatta campodei- 
formis, 681. 

Anatomy of the larva of the wasp 
Polistes gallicus, 619. 

Ancistrocerus bravo, 534. 

guzmani, 534. 

Anopheles argyritarsus, 14. 

Anopheles (Nyssorhynchus) sawyeri, a 
new anopheline mosquito from 
Ceara, Brazil, 11. 

Anthemois, 662. 

Anthocopa, 83. 

bees of the genus, 49. 
key to American subgenera of, 51. 
Old World subgenera of, 83. 


Anthocopa (Atoposmia), 51. 
abjecta, 57. 
alta, 57. 
anthodyta, 60. 
elongata, 61. 
malognatha, 67. 
mesae, 59. 
nigrior, 54. 
oregona, 53. 
panamintensis, 65. 
pycnognatha, 64. 
shastensis, 64. 
triodonta, 62. 
triodonta triodonta, 63. 
triodonta usingeri, 63. 
Anthocopa (Eremosmia), 66. 
laevibullata, 68. 
mallognatha, 67. 
nidivitta, 70. 
robustula, 71. 
rupestris, 72. 
timberlakei, 69. 
Anthocopa (Hexosmia), 74. 
albomarginata, 77. 
arefacta, 76. 
copelandica, 75. 
phaceliarum, 74. 
Anthocopa (Phaeosmia), 77. 
enceliae, 80. 
hemizoniae, 79. 
mortua, 78. 
viguierae, 80. 
Anthocopa (Xerosmia), 81. 
palmarum, 83. 
xerophila, 81. 
Antianthe chichiana, 476. 
expansa, 475. 
foliacea, 475. 
humilis, 475. 
reversa, 475. 
viridissima, 476. 
Ants, army, the larvae of, 319. 
Ants, population studies of two species 
of, Leptothorax longispinosus and 
L. curvispinosus, 743. 
Apelma, 778. 
Aphetea inconspicua, 476. 
nigropicta, 476. 
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